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[0002] S.yi--4yiyh—M'ii^(DiLi^m^^(A) 
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(A) 



[0003] ■^fd^u-y(yy—:^tilk(D±wm^^(3) 
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[0007] >ft:^'^^6<J#^-eVn->Yyy-x<.*fc}^i>'n->r/Vh-/K7)®li£^UT{*. (i) 
:J^iM:Kn^iX^>-^:/^7^— — Vn-^/i^b— /vtr#S:&"^ 

. ^(D^j^-ef*. i/o-^/v-h— /K^i{X^}*'tS;<x -ftfet^^^^Jlj^l^S^-i^*'^- =1^^ 
[0009] ^:t-^yi>'h-/v^^/n--ryy->'^--^^bi-6^^(5:^-^yvh-/V'2-T^'tKny 

[0010] ^tl.^>0^^(;i*3{t5^:^-'<y Vh-/V2-xtKn<>^^^— ^{i. NAD* 
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ixn— ryv^h-yv^^^{;i^^J;<Mit-rs/cit)(^. >'n-i'yy-;;^(D31 
[0013] ^^^tf-e, NaBH 5rfflV ^TV^-^yy— ;:^^JS7^Ufc#'a-^ HJ^^^<^^?Sl^}*5:^ 

4 
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OH 




4 

Wm^Xm : K-Y^^^iS^^^PS^m^ m3,405.663-^P^^# 

#fP:SCi)t3 :#M¥9-140388#4!^# 

i|#fF:S:i)t4 : #||5jZ4_i26075#<i^^ 

#fF:35:ft5 : #^^05-192163-^^^ 

#fP:SCi)t6 : i|#^^06-007158-^<2^^ 

l^nXW : #^¥2003-102492ii^J# 

##fF:i:iltl: Ti^-r— ^-/^•^^••'^^^'=^>^^>'l^*^-^^^5^^(The Journal of 
Biological Chemistry) J (3j^H) . 2000^. 275^ (No.24) . p. 18495-18502 
#^#W:SCit2: Ti^-Y— •T^y;^^-<5^^;^/^-yi^^^-fOournal of the 

American Chemical Society)! (^S). 1948^. 70^p. 2931-2935 
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^m^nXlsHZ: fv?-^— if •T^IJ;(;V-^^;«7/^-yi^^y'-r (Journal of the 
American Chemical Society) J (Mm) . 1968¥^ 90^> p. 3289-3290 
#^^fl^:S:ilt4: FTi^y^^i^h'tai^— (Angewandte Chemie) J (K'T^y) ^ 1973^. 85^ 
,p. 1110-1111 

0WWf-XW<5: [i^^—'i'/V':tZf-^<'{:t^i^:h^^'^^^y'}}—iThe Journal of 
Biological Chemistry) J (tRS). 1948^. 174#, p. 173— 188 

Archives of Biochemistry and Biophysics) J (31^13) . 1956^. J.Lamer et al.^ 60#^ 
p.352-- 363 

$¥9^f^JCWa: l-J^^-i'/l":tZf'^<^:ttii^:»/l^'^^::^hV—(Jhe Journal of 
Biological Chemistry) J (^@). 1979^. 254#. p.7684— 7690 
4¥WWX^IkS: r-^^iJ-n/W^^ni^— (Microbiology) J (7¥:W> 1994^> 140#> 
p.2289— 2298 

0WffXf^9: r^'^h-^:7-7^'fc^T">-^(Monatshefte fiir Chemie) J (K-l'^y) ^ 1969^ 
> 100#. p. 1327-1337 

##fF:fi:ifelO: ri;?-v—:^/^-::^>^'«/^^V^y;^-civ^— (Journal of Bacteriology) J (tI^S 
) , 1977¥^ 131^. p.872-875 

a^Xj (T^y;^;) . ^68^. p.ll33 (1976^) 

##fp:iCi^l2 : ^-J-Y—i-/l^-:t^^':t/^:^^-:yi!7-'y^^hV— (Journal of Organic 
Chemistry) J (tI^S) ^ 1958<^. 23^. p.329-330 

{**fcx s^a--f /i/h— /w^^/n— fyy— ;^F^(D^>fk;jS7cS^S^Mia^b. 
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PERM P-18868(S^^I€#-^FERMBP-10136)O§:fe#-^-eWfebfc„ 
fc (<|#|i5p2003-102492^<i^^)o 

h-/v$r^^t-5te;t»«r^-r^^t*tr@^#d-b^tbb. l6SrRNA(^^m^J{-<J: 
[0019] ;^^PJ#e>{*$bl->^^-^yi/b-/^^^/t^-^^>^~^'-^^'fc<^^'^^^^'^ 
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,._^v2-xtKa-ir'-^--lf ;&sfe5^fVN9m<^t>i:^ ^^^S:^llli-'<<. ^^W^l- 
^;j^-C% vn-^yy-^^l£#:#M6^l-^>i^-^/^>l^-^l^^»^'^^^^*^^ ^^^^ 

*^#-c. y vb-/v^va-^yy-;^-m^bi-6^14^*'r^-^^^ttib. 
[0021] $^ic.^^m^Ti5^n/wy'jrA«./^^/v^ =^-v 

i/-<:??.hy^<D-5^yA;ei^^>PCR&i;iJ:oTVn->ryvb-/V7^fcKny':^--€;lr3w-^^^ 
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[0022] ^tc. :^m^^^i^. ^mmmAD'^fcni^ADP'^^-x:\ m^tmTc^Jt^^nfj:^ 

[0023] ^hi^. fyy— :^<Dai7c^i;iJ;o-c#e>tis. vn-^yi/h- 

/V. S-TJ^^ja--- i'yvh-/w>^e^(^'4'14«l<Sr'^^i-5^'^?S*^b. ^^JS:<vo->i'yv 
h—/^^Wtir^fMa^. ixci— fyiyh~/V'5!)^!^^1i'a-f^^?l^fife$-fr^-^5^^^^'J 

^«-l':*-^;6-b^^6v'n--ry'>b-/v-:^'?^1S-^#:f*. ^M^^C^-^^lr^l-. m<D^ 
•J^^^^JR:^^^;^. *-0. ^?^^pH8.0-11.0. $f^L<«:pH9.0-10.0<DT/V;«7y 

't4i;i^*:ora!t^J;'9. v'n--ryi/h~/v-4^'?^1S'a-^55^^*^<?l^iE!fel-^ itl^i-Sr 

[0024] ;45:|il5g«:i^T<^i:^39-efeSo 

^tsm^^X^^-^y^yV—Mz.W^ <i:i9 X yi/h— /v^ttfiE 

^J^'t'f-i^^^^^-^. ^^tfi;6.biyn-^yv-h~/v^^^^1-S^i:tr#m^i-^ 

(2) ttiiS^:?i-^y^>b-/V^'^ti'^?g365^:^-'l'y^>'b-^l-^*i"^?^<^^^"^ 
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i^-Ti^/v-xy T •TvKa7H=f:=^;5<.(::JSi-sm^«^-e*>S (1) - (3) (DV ^-r^^;6^ 

(5) mteM±^7!)K T-^W<i^^ — AB10281t5fc(FERM BP-lOllQ)*:^^ 

i^^(DmmWX-^^. (1) - (3) tb;6^(DSi3t;^?feo 

— 31;;^^— AB10281tt (PERM BP-10119) '^fcit^(D^mWo 
[0025] (7) {i^^fj:<thl^r<7)mit^&onM^^-rmAD*0i^^m^^-^yi^h—/^^2- 

(b) SjgpH : pH4.5— 5.5(;i*5V >T?£tt;d5^g;'c{fi5r^-rs 

(c) : l^/K^^^lCi^/KD^A^^-^^i-^s 

(d) : lmM(^Sn'^--r:^>'lcJ;«9#^fif'l4;6n%JiilT(-PI.*^ix^x 

D-^ci-i-^yy— L-^n-2-^yy— -^vi-^yy—:^^^ ^fi^fi. 
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(9) mm.Wi^^^^T±W<ii7'$r — 3i;;^t-— AB10253;^ (PERM BP-10136)'e^ 

^ili^mtir:6.i^n-^yy-y^mmmm^!i^<Dy.^v-^:yi!f:ijmo 

NAD'#^#M5:^-'Y/v'h-/^2-T'tKt3y-^--^^tt^it^[^bTi8SiJ1-^^^ 
^Wmtir^.i^vi-^yy—p>m^mU^m(D:^ii^V—^>^i^:ljmo 

( 14) (12) X« (1 3) (D:;^^V—^>'^:^mi^X-:>xntc>fhtciyti-^yy—:^m^ 
mm^m^. K:t-^yiyh—/i-^^^-r^mmx-mmi-^:itKX^. ^:t—<yiyh- 

(15) (12)Xmi3)<D:^i^]}—::^-^^:^m^XoXn<c>nfciyvi-^yy—y^m^ 

T^yn-^yv-h-zw^^^^^iirsxa. ^u?ftulSiyi3--ryv'h-/i-^5>^»lii-^ 

[0026] (16) rm(Dm^t^mikM^m-t^i^-^y->h-/^y'iiv^^-i-—^o 
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^ ^ HO 

"° NAD(P)H+Ht NADCP)* 

o - >f y y-:?^ B :->f / K-^yu 

(a) 5)•^=■»^3J:tJ?^•a'#^4 : 38— 46ki5^/Vh:/. 2*fc{*34#:^?l^fiKi-So 

(b) M^^ : NAD'^U<«NADP'X}*NADH^U<f*NADPH'SrMffi^ 

(e)MaipH : pH5— Q-e^i^ilrJ^-rSo 

(18) ar(D(A)'^fciMB)(D^l^y<i^Mo 

(A) BB^J#-^28 lCf2m(OT?/^iB^J;e)^fe''cC§i5'^/-^i5^ Wo 

(B) BB^J#-^28^^:|Bife(^T5y^ga^Jt^:*5V^T. ltJb<^*^^<^T^ym;65e^^ :^ 

y->^rBl(D^^bS7n^i^^^l«Us NADH*^}*NADPH#^ET-C% Va— T/y-^ 

(19) i^TO (A) *^f* (B) (Di^:y^<i^m^=^—h^'r^DNAo 

y-:?^m(Dm^tM7clRJt>^mL. NADH*fc«NADPH#?£T-e. Vn-^/y-^ 
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(20) i^J^TO(a)*:fef*(b)<^DNAo 
(a)gB2?>J#-^27(J:fBm<^iSSfiB^J<?53-K^J^^'^tfDNAo 

;^^o^>fbjl7cS^£:^MIKb. NADH*^c{*NADPH#^ET-C\ ixd— fyy— 

DNAo 

(21) (19)*fc{*(20)<DDNA^-^tP^i5'i5'— o 

(22) (19) tb<{i(20) (7)DNA. :S^c{* (21) <D-<^^— 

(23) mM^wr^'^^-d^^Bm-^h^ (22) (D's^m.mw^^^o 

(24) (22) (23) it*i^;i^^v'n— fyv^h- 

(25) (16)Ov'a-^yiXb— /VT^fcKny^— NAD**^}*NADP'^T-e^ 

/V2-T'tKi3'i^':^— ^^(EC1.1.1.18)^^*#$-1i:/c^?^tti. pH6.0-8.5t?. d^o 
NAD* *fc«NADP'#?ST"C% 5;*— ^y Vh— /W^SrSStb-C. ixn— ryixh— 

(26) v-n— ryy— ;^^o.oi-3%(v:/^^J;5l-^;«JPi"^-^^#^i:i" 
(25)<Z)i/n— ryixh— /KDi!iat;^&o 

(27) ^^^tt^lJi^ ^/n-^yy— ;:^^o.2— o.syolJi/^Si^tzi^^Pi"^:!^:?:^^^:^" 

^5. (25)oi/ci— -fyvh— /KOSi5t;^ifeo 

(28) mU^\^. ComM^Xy^/^fdiX^ Mg:^^0.01-5.0mMt;i?iC-5J;5t-^:?JBi~ 

5ri:fSr#m^i-§. (25) (0^yvi—^/-^V—jv(Dm^:)3mo 
^Lt^W^t-r^. (25)(Di/i3 — ryi/h— /KD®i5t;^^feo 

(30) ^?^'l30^:^-'1'yi^h— /^mS;6^5-22%(C/i;5j;5f-I^Mb. ^^S^^-C 
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(31) i/n^/iXh— /^7^tKT3y":^— if3&SiJJlT<^ (A) *fc}i (B) (D^l.^^^^W'Ch 

(32) iXci^r/v^h— /V'7^tKciy':f-— ^j&S^T<^ (a) *fc(* (b) (^DNAtc j;o-C=i 
— K^tl.S^^/^-^iJ'K-e*?^ (25) <D$!iit:^feo 

(a) gB^m-^27{;itB^(^:^SSa^J<^=^~K^^^-^ti'DNAo 

(b) ga^J#-^27 l^|E«0:^SSamU< fil^iliSgB^J (C+BMe^J^C^^SSE^J^^i- 

DNAo 

(33) ixn^yixh— /Vy^tKny^— ^;$Sijj^T<^ (C) ^;^}* (D) (DiS'^/^^t^Ri?*? 
:5(25)<o$ijt;^^„ 

(c) iB^j#-^2. 4. 6. 8. 10. i2^fci^i4{'imm(DT^ymMmt^ibti:^^:y^<^M 

o 

(D)ia^J##2. 4. 6. 8, 10. 12*fc«14l3:fEm<OT5y^BH^Jlc:*3V>T. l^>b< 

(34) i/n-f y Vh— /I'T^tKny':^ — ■^;6SgXT<^ (c) *fc}* (d) (DDNAi'lXoX^ 
—h^:^M^>^<^KXh^ (25) (Dfiit::^feo 



wo 2005/035774 



15 



PCT/JP2004/015174 



NAo 

(d)gB^j#-^i. 3. 5. 7. 9. iii^fiiti3{z.mm(DMmnmh\^<i^mMmMmi^ 

[0027] (35) iyn-4y^^h—/^RXfi^^--^y^yh—^^Si^^(D^\^m^-^^'f-^Bi^^i^ 

(36) ttf|B|gl<^Xm{-*5V^-C. ^ra^SJJ^e'^^t)^:^aiS<^*^S, ttf^^S-^^^ttJ 
-rs. (35)0®lit;^^feo 

(37) MlBlll<DX@^il*5v^•r. Mlsm-a-MopH^9.o-io.oicn«-rs^^Sr# 

^ir«. (35)(7)®l5g;^&„ 

(38) tfflB#JR:^/55. NaCU NaHCO . Na CO . Na SO . NaHSO . NaH PO . Na 

32324 4 242 

HPO , Na PO , fflB#. KCK KHCO , K CO . K SO . KHSO , KH PO , K HPO . K 

434 32324 424243 

PO , MgCl , MgCO . *3j;tmgSO i)^h^j:?>mx^mY£ti?>im^tiii2mMSf^±<D 

4 2 3 4 

^M:^t?feS. (35)<D$g5t;^j5feo 
(40) tfilB||30X@(c*5V ^T. SfllE^'^#:^^(c^^l?$-B:-C#btL/c^?S^O. 1 
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$-fr/c^. f^wmmmi!)^^^^^-^y->h—/\^^^m^^^^ti:m^tir^. (35) <d 

(41) tffia^4(7)x@(c*3v^-c> mmm\^^^xi^mi^mmmi^7i^m^mmm 
m^M^xz^u-^yi^h-z^-^^m^'^^^t^^mt-r^. (35) <Dmi^:^^o 

(42) m^7k^\^^mmmi!)^^^y—z>xny^y-z^x:^^. mmnmm^x 

(4i)(Di^5g;^ifeo 
W;!)Px.^^^^#m^i-^. (4i)<D^5t;^^o 

xj^mmmn.mmi^. 7^mn.mmmm^^:^-^y^>h-/\-7!)mm\^^j:v^AxMx.x. 

5. (44)(D^5t;^ifeo 

(46) tfrfE^3(DXmt-53V ^-C. *PX.57K^tt*a^^;e>5^i5'/-/V. p^i?'/— /V 
X}*l-:/n>'-?y-/l--Cfc?). B&fB^^^Sl-^U-r. :t^y-/V^0.35-0.45{^^. 

mt-f-^^ (44)<Z)3K5t;^^o 
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[0028] cm imm<^^^i^x^->tx-^y-yh—^u(D§mum^^irmo 

[0029] 1. r±w<^^—mi^ftLn^<—-!^^/i-T^VTmi^m^^WL^^^F^^^fci^^-^y^^ 

[0030] mmm^:^m^i5\,^xmmir:5U^mt. T±w<^^—m'^it\^. ^<-^:^/]yy' 

^<^^—''^/U}fiy::ru (Acetobacter cerevisiae) ^ T-fe V^iJ'^ — -vn— ( 
Acetobacter malorum) ^ T'^W^^^— ':^J'VUT^>1^:^ (Acetobacter orleanensis) 
^ T-feh/''^^i5^—"l':/K^v':3i>-v';:^ (Acetobacter indonesiensis) . T^V^<^d^^*:^ 
y mV^y;^ (Acetobacter orientalis) ^ T-^W^^^^ • T-fey^-f (Acetobacter aceti) ^ 
T-kW"^^^ — V'ir^T'>'^>'^ (Acetobacter liquefeciens) ^ T'tW^^'^' — y^:^^^ 
yT5?:^ (Acetobacter pasteurianus) ^ T^izW^^^^'-^^l^-iZ^^ (Acetobacter 

y^])Tm i^mir^W^mtVXi:^. ^7)N/V7"'yT • T:^Vn:^dt~:z^ (Burkholderia 
andropogonis) > ^<^^:^/V'y^VT ':^]):^'7^V^ (.Burkholderia caryophylli) ^ y^—'i^:^ 
/VT^yT'i/^?—:^ (Burkholderia graminis) ^^(f Srt;6S-t?#S„ :i(Dt^XYi. T±h 

[0031] ±|E^^<^<7) S^^^JirLTfi. T-feh/'^i^iS' — =i^^\i°—AB1028m^mf^^t^^ 
X^^o w<D|lt5fefi, T-feh/^:?^^ — AB10253t^(FERM BP-10136)^^M 
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9. 2oo4^i>^ 20 B mx\ miLnwcmAmm^mm^m^mmw^^'^^n'^^^ 
^5^- (=r 305-8566 p ^mnmm^<iiniMir i imm^^me) {;iFERM 

tL. PERM BP-10119<D^K#-^dSfTf-^$tV-CV>-5o 

-<p^h^mi^m^<m^^m^^m^ti. ferm BP-ioi36o^fe#-^T*^i€$n 

[0032] AiW^k^mr'^W^^^ — AB10281t5|cfc5V T-^W^^^ — ^ 

[0033] ^LMJtz.Xof^UM^^^-^-^^^^yy—f^^^'^^^ 

*U<}*0.3-5%. ^^Mi:b-C«> S^«3idE^;^, -<>^h:x, m^r 
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[0035] '^^(omm^^^x^mfi.^iiK itatasf^ia-ssr. 0*b<«:2o 

Ti/n--r7i^b-/i^:&5^CSo ^h\!:^m^"iyf^oh. #>«r {Jli/n— r/ixh— 

$tb5o «^oT. ^iWma. i/n-^/v-h— /^^SS^^fc{*. i£i^^4<^#^»^^ 

[0038] <tt) l^xi-^y^yV-;^iimm^td^^±Mm^. ^m^^<o^>^<D 
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[0039] ^(o'm>n'ms^h\^'^. ^m-^^ofa. jt^-r'#e>tbfc>'ci->f yi^b-yv^ 

[0040] :*:0^*<D^^4'Ti*. ^iaT% 7k^«H4;55^V^ 1.6%) vn—Ty 

[0041] 2. l|f^>fcNAD'#^^fe#M5:r--ryi>'h-/V2-7^tKny«^— fe\ JfeejU^l-^^^^ 

[0042] < 2-1 >mmfmMf^^^^m.^-^/^yv—^^2-'f\iY'^^^---^ 

(b) ^jgpH : pH4.5— 5.5{C:JoV >Tfl&i4;&S^:k:<tt^*'r ^ 

(c) ffiHd^ : i^/KO^^(j:i^/K^)-^-^^Sr^*i"5. 

(d) Pfi*^J : lmM(^Sn'''<;r:/{cJ;«9^^?£14/5n%i^AT(-PW$tv5x 
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[0043] (a) (Df^ffl m^^^«^«<^#^ET-e. /iX^-/^2-7^fcK^y•:^--^^^ 

MDCIP. PMS(:7ai-:hi;?>'^yi^/V:7ai— h), p<^l^^://^— . Fe'V:^^^*50!l^$ 

tL^So ^::^--^yv'h— /V2-7^fcKny-^— ^^ti{*. m7L\t. 100mMyv^^«?^(p 
H5.0) , /V5mg. 2. 4-v'iJ^nti-i'^K:7:n/— /K^'fbMDCIP)0.4mgd^ 

b?fcSlniL^^^lCl*5ttS600nmO^i|X^^>fl::^SJ^;;3igE(C^^b-C. . 

(b) o^gigpHf*. #pH^^:*5V^-C^:^-^yi^^— /^2-7^tK13y•:^— €?&tfc^S!|^b 
-gsix-ji. SDS-PAGE(K7^iXyV«^-:^hyi>A-J}^yTi^y/WT^K«^ 
[0044] ;*:|§Bg(Z>NAD*#^#M5:^— f/iXh— /i-2-7^tKciy-^— ^{*, ilE-feW^^L 
^^t^oV>T. *!»a^50mMlC:}o{t5=f=i*|-^tt:S.tJ?Km1ttSr^i-^. J^J(.T<??^*3«9 
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Km=20mM)-CfeSo 

[0046] [^1] 



a1 
















pH4. 5~5. 5 


pH8. O'-Q. 0 






NAD+ 



[0047] < 2-2 > NAD'#^#M5::^-^/i/^-/^2-7^^::Kt3y-:^— ^(^®i5tfe 

;^|i|BJ(?DNAD'#^^fe#M5^-^y'>h--/^2-T^tKn^^^--if(7)Mitifef*.NAD* 

[0048] NAD'#^#t#M^:^--'f/i/h--/^2-^^l:Kny^--if0^3tt-^ffli-^-^<^-e^ 
§m^i^^b-C«.NAD'#^^ic#^5:^— ryvb-/^2-7"tKny>:h— ^f^StgSr^ 
i-§RSO#(-PS^$tbJfeV>>65, mK.i^. T-feh/^^^— ^:^fc:— AB10253(FERM 

BP-10136);as^{f fetb^o ^^#)^ita-r5^c^e){;lfflV^;5i0i*^*^ tJgJi^^btbS- 

h-:^h^\^^itmwj:^^m^^Mo ^(Dmm\-i. o.i%-2o%. xm^\^<m.z 

mri^^^-^J^. mcr^^'^^^J^. m^r^y'^^^J^^. ^mfeSV^{i^:3ide;^;^^if^S 
-gSJ^^tl/^o ^(OWtm^. 0.01%-5.0%. 0*U<}:iO.5%-2.O%?^iD'r5<D^SM* 
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[0049] ?fe*5. NAD*#^#M^;r— l'/iXh-/V2-7=^l:Kny-:^— If 

:t-^yiyh—/\^<Dmm'i. 0.2%-15%. 0*L<}*l%-5%. J;90*b<}i3%dSai 

[0050] mm^i^it. mm(DmmKx^xhm^^^^K mmum^»-^\^< f*i2-35'c. j; 

t^x^^o mm<D^^mmmi-i. mn<D^^^^<^m<Dmmiomtmmi^vxm^t^^ 

5^6<JlJ:50nil<D;!K{c:?g^L. r<D®5^S?^{;i«WStSrR^ltUT*iaBa^?K#b. 12000rpin 
y^^M«?S(liSfi2niM-100mM. pHfipH6.0-8.0) (C^^b. 

^mf^i^M^M\x.^::itxm$m^^mir^^tii)^x^^o ^mf^\^M(Dmmt 

VXn. TTitohX-lOOi^mMm) . Tween20i^mMm ^ Tween80(^^®^) 
tj:if7!)m^X^. ^<DmSti-i. 0.02%— 1.0%-e^ffl-e#S^S, 0*b<ttTritonX- 
100^0.6%(Dmmxmmir^(Di^Mi£.V^\ 



wo 2005/035774 



24 



PCT/JP2004/015174 



[0053] ±.m-r^nhtitc^mi^i^M^Dnx.fcmmm^. ^.u-cismmu^-fi^^:^^- 

\^X^'7Mzmm^^fzj^^-y^<^Wiim^. ^S^t^^JSr-^^^cCV ^20mMcO^«^g ( 
pHfipH6.0— 8.0) NaCU *^}iKCloilj||^|fc^gB^;5^(t:rc^?gtrjia©$iir. ^ 
V/^^®$r^ffi$-*So NaClO^-^OmM/S^^. 500mM<^^g£g^Ba^ KC10#^, 0 
mMj?)^^>350niM(D^S^BB;6^^ffi$tt§o ^t-> '60;^;^^=^^, #®?£tt^J^ 
-^^/<eVv20mM(DM«?g(pHf*pH6.0-8.0)^iiL-C. ?5fe^L. ^(C#®^14^J^ 
■^tf 20mM<DM«?g(pH{ipH6.0— 8.0) {d. NaCl. *fc«KCl<DiiJ|JgS^iaSrd^ 
tt^^<^jSii^-^. iJ'^^^-^i^^^^^tb^-frSo NaCl<D#^OmM;!»^^). SOOmMO^g 
^<fe)ga. KCKD^-^, 0mM;5^^350mM(^^iS<feJiB;05^ffl$tL5o 
^ti^Jfi. TritonX-100. Tween20. TweenSO^fc^'d^^J^-C^. ^<D^S{*, 
0.02%— 1 .0%-t?'6^^ . 0*b< OTritonX-100^. 1 %<^iil^-e^ffl-rS 
<D>OSM^LV\ Z.(DXon:^W(D^X. :iimWi%. If ffi^14^J^tp20mMJ^«^K 
{;iioo— izomMONaCi^-^tf^^St-J^oT. ;^;^i^:a^^^ttl$t^^o ^c»#{c:bT# 

[0055] ^^fSttoSy^f*. mTUit. 

^?S^100mMy:^^M»?g(pH5.0). /^5mg, 2, 4-v?i>cii3-f:/K:7 
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jia^l-^^UT. l:»-^fefc?)aiLtmol<D^;^— r/v'h-/^^^^^^:$tl^^^4^1"=^- 
[0056] im%^^^\c'^'m-^^^. imwrn^^"^. w^^Tbm^^^onMxjtm^. 

^i^ffi?S<^^S<^iB{*0mMd^ib500mMcO^l£4gga;65^ffl$tbSo ^*P$tl/ 
^If ®^14^J(*x TritonX-100. Tween20, TweenSOT'cf^^OS^J^-et. ^<OW^ 

o.o2%-i.o%-e^ffi-e#§^s, 0^u<{*Tritonx-iootro.i%<^ms-e^ffi 

[0057] <2-3>Vn— f/y-;^iSi5^fflm^#l<?5:^j5^y-->'^:^«fe 

[0058] ^r-C. it:^^/jJ5NAD'#^^fe#M5:r— r/Vb-/V2-7*tKny-:?-— ^^tt<^a!|J^ 
m^X-t. ^^fei^0^/&^^#e)tt/cJ^M5^^1OOmMy>'^^«?g(pH5.O). 5:^- 
yV5ing, 2. 4-v?i?cici^>-K:7ai/— /K^>fl:MDCIP)0.4mg^^ej7^e^lniL^ 

mxcMTL. 6oonmos^i^x^^>f^:s^^Bfl^'rs^^^-<^:oxfT5ri::i5-etSo msij<^ssp 
^UT«. -aaj^tf*. ^L^ijm^^m:m^\jx)mu-d^\c.^ i^^mabio253** 

(D\. m\ik^L. 0^L<{*2fi^!^;l±CDNAD'#^#M^:t-^/Vh->'V2-y^fcKny 

[0059] T-feh/^iJ^iS'— ^:^t-ABl0253^*^^MMa-rs;^&«^ 
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[0060] :Ltih<D^iSimmt:mi^tir±w<^^— • ^;^t^-/&*b^ ixn— f yy-;^Mitfflm 

[0061] ^M*3;abytAB10253t5|c?gr. ^:^-^/i^V-/^mm^^^^'r^^^^mi^. 
9cm^(Diy\-um^tLy). 10-3003n^-. 0tL.<mOO-15O=^^:^-fi^m^ 

Eiim^^fy^^o ^(7)Wim.\i. o.i%-20%. J:«90*b<{*O.3-5%»-t-^<^*5M 
art. 0.01%-5.0%. 0*b<}*O.5%-2.O%»i-5(DdSM*bV\ 

[0063] i#«{i=in^-;5S+5^j|^fife-r^^rB^. l#*-rtL«S<^ ^3 0 x^xiz^-imm' 
5„ i^mSf*^ ^^U<(*m(DfeW)gMT*&S25-30'C. a;«9^?*b<}*27^-ei^ 

[0064] aci::^— {imm^^b. (Jl. NAD*#^#^:^— T/i^h— /l-2-7^fcKcly':^— ^ 

[0065] ^11=^. 9cm=g|Oi^-r-l/l-?l^^bfc=in^-(^±l-. ^^^ffl^^^^^lOmH^ 
o<?)^^#'Atb:5„ ^^^ffl*5c^«fe(??mfife}*. 100mMy:^^«t£. 1%^:^-^/ 
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[0067] ^fc. r^T*#btb^c^>n-^yy— ^^t^^^^Si^iib. mm^ 

[0068] ^hi^^ ±m(D:^^v—^^^^ifm^s ^i^(DW^^i^M\^xhn^^tf>^x^^o -t 
^mxmmKm^u ^^nnK^-^MWL^m^^(D='vi^-t\^xm^mm 

[0069] < 2-4 > i/n-^/y — ;^(D®lat;^^ 
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[0070] (i) NAD'#^fe#^;^— :Xh-/W2-7'b:Kny V ^tciy^-^ /y—^(Dm: 

[0071] s®-e3b^5::<^— f/iyh— /v{*o.i%— 20%. $f*L<{*. 5%— io%o^i£ 
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[0073] :$i^it^(DRmumi~ii. mm:d^^m\^^j:^^nm'ci^m^^^(DX'^tiit. mmm 

[0074] (ii) ^±m^m V ^fcixn-^y y — 

[0075] ^:Lxm\^^m.w-m^(Dum^. u.^^fi^^-^y^'^y^-^^'-^^'^-^^^-^^^^ 

/w^O.1%— 40%. J;?)jiif*U<}*10%— 30%^^JPb. mMUtVX\'i. i/y-fe 
iya^—^n—T^^ x^fe:5V>«:JRi^^0.1%— 20%. J:«90*U<f*O.3- 

:/^c=:r>i^, 5g^T>'^^^7Afc§V^^:im^^^0.01%-5.0%. 0^U<«O.5%- 

2.0%^^-r^i§fl&;&5M*bv >o 
[0076] ^omiil^^t^i^Sl!^. ^hV^J>>. m^^J^. •^;v^^^j>., -^^^i/^j^^ =i/Vuh. 

So 

[0077] "^m^^n. M^^iti^&<^S«(-io-Ct>M'feS^^> l##?aSf*iJf*b<f*12- 
35t:. a;?)0*L<{*2O-27X)-efc«9. ^fc. j§^(*^K(*:i^«&^^t5bfct). 
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[0078] i^mm^-h g ^m^^mmm:i-^^mt. mn(D7^m^^\±!^m^^mmm-r 
[0079] ]^iri^i^^-y(yy-:^(D^mnm<DMc^m:^m^m^-r^o tctcu ^imm(7> 

)c-20(h'M) (ft^>fb#®i) t^^i«bfcl;{7^A^c:Mi©$■fra3©^^^«>^ •?:<^^i<©;^^ 

[0080] < 2-5 > /KD^litiSfe 

^yy-;^^Jl5cLTv/^--fy^x^-/^^#s*^#^^i■s^^>'1^-'<y^>'^— ^'^'^^ 
[0081] rc»M5t^?fe^-*5v^T. NAD'#^fe#M5::^--ry>'h— /v2-T=^tKny-^— ^x^^ 
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[0082] RjtM^^Xiyti-^yy—:^^i^}^-^yiyh—M^m7€Xt^m7cmt\^^ # 
[0083] Jfe*3, ->vi-^yy—:^7!)^hiyti-^yi^h—/\^^(DmycU. ^^-r^bXoti:. 

yi^h—^ufc^n^WLnir:5ia'i.^i^^i^Mi-^^mm(Dmmm 

[0085] 3. -:yn-^yiyh— /^7^'tK^y■^~-^'^■CJ«:ltb^ffiv^fcv'^-^/^/^— /v<D^^ 
[0086] < ->n-^y->h— /^7^fcK^>^;*>:^— ^ > 
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OH 

H0> 




7^ 




"° NAD(P)H+H* NADflPh 

Escherichia coli) . T-^W^^^^M (Acetobacter) . /^^/V;^M (Bacillus) . T^n/^ 
^xyiJ'AM (Agrobacterium) . =3f-i^>'^^^;^M (Xanthomonas)#-t?fc^:ii:75^#};i 
0*UV\ ;^J»0K-12*5^ ATCC10798 (Escherichia coU K-12 

ATCC10798) ^ T-feh^^:?'^ oi^^fc"— AB10281t* PERM BP-10119( 

Acetobacter SP.AB10281 PERM BP-101 19). y^^/W;^ X:/^!;>^ 168** 
ATCC23857 (Bacillus subtilis 168 ATCC23857) . TiJ^ti^^i^T^yi^^A ^^x^^'Tv'^ 

C58t5^ ATCC33970 (Agrobacterium tumefacience C58 ATCC33970) . 
/^^■7^iJi>A'rn;^fcr— AB10121*f|c PERM P^17383 (Agrobacterium SP.AB10121 
PERM P-17383). '^i^^^h^'^;^ =3r^V^^hy>^ 
ATCC33913(Xanthomonas campestris pv. campestris ATCC33913)"T?fc-5i<J;:d5# 

[0087] :2t5:^5g<D^>a->ryiyh— /VT^tKny^-- ^(i. T^cDS'Tk^fitt^S^^i-Si/n 
^^MS^b. NADH*fcf*NADPH#?iT-e. i^n-^yy— ;^?rS:#:#^6«jl;iv'n 

Wl^7] 
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OH yp 



OH 



ho! 



HO 



NADCP)H+H* NADCPh 



ho: 




5l5n^ttOi|iJ^«. iXn— ^yy— ^^SM{-bT. NADH*fcf*. NADPH^#t^|^ 
S^£;=^<^^?^^> HPLC, GLC?fcif05>*ff^m-e. ^mi^(v'a--r/v'h— /V'd\ 5:^ 
[0088] ^^0^(Ov^ci-^/Vh— /VT^fcKny-:^— ^fi, 0*U<f*$b(cTIB<^a'fl:^6<) 

SDS-PAGE (KT^v'/HiflE^'^hy l>-^^-^yT^5'y/^T^m^^«) fii}^ 

[0089] ^fc. (^v-i^-^/v-h— /v-x tK^y•:^— $f f*$^(cTIB(^a>fb 

: NAD'^U< NADP*X«NADH^b< {*NADPH^«^^i:i-So 
^i^^<?53l«^tif*. Si^;^(200mMhy;^i^«?gpH8.0. 2% NADPH^fcfiNADH. 

l%v-n--ryy— ^) 5 n ^nW.^ n l^^-^U. set:. SOminS^c::^. fcfdhK. 500 
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%-c^i.tz.m.\tMMyi^m('wyv)(DSi^m^^'rh(Dx-h'Os m&^%x-m 
[0090] *fc. ±^mmmKX'ommmmMfsm>mm'r^^tf)^-^mxh^o ^mmmm 

^M^^i^^^. M^it. NADPH:NADH/6SlOO:l— 100:10<?Di5^/V'— 100:10 
— 100:30<Di?^/V— 100:30— 100: 60<^://^— 7". 100:60— 100: 120<Di/ 

^mm^mi^^^^^i^. HJ^:^?S(200mMhy>^M«^^pH8.0. 2% NADPH. l%v'n 
— r/y— 2mM:^JR:S)5 m 1^. ^^^S5 n l^m^l^. 30minS^S#> fcfc*? 

500jul<Z)7KSr*P;tT. 340nm(D@^3fcS^?B!lSU ^^ISoftfc>t){«i7K^fflv>y5:l* 
a?S(^:^7:/i5^1ii:;?»^p5. 340nmO^3fe^<^^^^>*?riB!l^«-i:-emM-e#5o 

i4>fb$ J m^MM^;!jp K(^^^^tt^ioo% ti^fct^ {z.m^m imumiju m. 

ia*^tl^^}*jm:^JRil^;t)PlK<D^^^14^100%tLfci:#tcm^JllmM^*PlE: 
[0092] :^mm(Diyn-y(y^yh—;Vy'\iYn^-i—^\t. 0*b<{*$b{cTIB<DS>fb 

lIMpHfi, SJ^:?g(200mMy>'^i^W?gpH5.0— 9.0, 2% NADPH, myn-^/y— 
X)bix\t. m^m5 set:. SOmmS^S^. f^fz%K^ bOO n\(D7i^^Mx. 

. 340nm(^®3feSOj^/i^»^S!|^-rSr^-e?i^-C#S„ MiipHi:?*. ^:km'^<D9 
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ib^jv—zf (MjgpH:6SpH7.0— 8.5*yt«pH7.5— 9.0) RftB-efeSo 

f£;?S(200mM!;^^^M»?gpH5.0— 9.0. 2% NADPH. l%Vn->r7y— 5 )u l^SrM-^ 
36^:. SOminSi^?^. fz.ft%\Z.^ SOOju l«^7K^AP;tT. 340nm(D®3feS^S>J^L. 

afl5t'r6;i^-e?im-e#So ^Wic'Mr^^^hm 2o'Ciomin^aE<^^tt^ioo%^b 

-To 

i/n--fyy— ;^(;i^i-§Km'f|g{*, ^j^;;f^(200mMh!J;^i^»?^pH8.0. 2% NADPH. 
0.001— 2.5%->n-^yy—;^) 5 m li:. ^^^^e5 ^ l^^l-^U 36*C. 30minM^&^. fcfc 
*>{e:. 500/z 1<^7K^*P^T. 340nm(D^3fc^^S9^U ^^^S<Of^t??)(^l7K^fflV>fc 

K^?Soyy>'i^fit;5^fe, 340nm(D@^5tSc^^^^"*^a'J^i-S-^tr?ft^'et§o S'J 

^^iS{*^&^c^^^v^. m^-fxi^yv\^. Kmjt^^m-r^o ■a^yx.}*. 

[0095] -^fz^ ifm^^(Diyxi-y{ji/Y^;v^\iY^^-^—^\X. ^%\.<\X^h\cfW.(r)M.\\:. 
— /k(MI), D-^n-^y->b--/V(DCI). ^tWyi^h— /W(EI). L-^n-xfyi^h 
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/KMI). D-=¥n— ry^^h— yl'(DCl). Tn— fyi/h— /KAI) . C/iXh— /K 

Ni)d5#{f e>nso mMmm^2o%^m<Dmwi-i. rn->r/i/h-/v(Ai). 

-Yyi/h— /V(NI) . D-=3rCi-^yiyh— /V(DCI) . L^n-^/i^h— (LCI) . oif- 

I). 5:;^-^y>'b— /l^(MI), D-=3rn-^yiyh— /KDCI). L-^n-^T/Vh— /W(LC 
I) , :xtWyi/h— /^(EI) ^ i^=3-^/v'h— /W(MllI) > Td-^/i/h— /^(AI) . 

200mMhy>^i^1ff?^pH8.0. 0.002%NADP\ 0.002%t?T3ii^7— 0.01%:=hn7^h7 

[0097] < iyv-^yiyh—/y^y^^h^^^'r—^<Dmi^^^xj^nm > 

ATCC10798 (Escherichia coli K-12 ATCC10798) iUT. :^cM0K-12^*^t>V^5) . 
T±W<^^ — J^;?^fcr— AB10281^5^ PERM BP-10119(Acetobacter SP.AB10281 
FERMBP-10119)(J^JlT.AB10281iHc^^>V>5)^^^^/l':^ Xl/^y;?^ 1681* 
ATCC23857 (Bacillus subtilis 168 ATCC23857) (j^T^ Bucillus sub.l68t5fc. 
B.snbA68Wth^^0).T^vi^<^y'V^J^ ^r..p<>^rv'^>'^ C5m ATCC33970( 
Agrobacterium tumefacience C58 ATCC33970) {^.f^ A.tume.C58i^th^^^) 
vi^<^TV^J>>'=^:^\^^ AB1012ll5|c PERM P-17383 (Agrobacterium SP.AB10121 
PERM P-17383) AB10121**^t)V^5) . ^-^^^h^i":^ ^^>^:^h]}:^ pv. 
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df-^^/^p^hUP^ ATCC33913(Xanthomonas campestris pv. campestris ATCC33913 
) iUT. X.camp.i:t>V^5)365*^fb^^^o 

^oM^\t.T±W<ii^^ — AB10281t5fc PERM BP-10119. /^^/v:?^ X 

168*5^ ATCC23857. T^n/^iJ^V^y^'A ^=i.:r7r^y=^'y^ C58t^ 
ATCC33970. T^n^^^T^y^^-^'^^^fc*— AB10121^ PERM P-17383, =5ri^>'^^ 
^J^-Y^'-^^^by^ pv. ^-V>'^^hyx ATCC33913tri#lli~5^#<^i#M&*B-fife 

0.1-40%. J:90*L<f*lO-3O%m>!JPU. ^^Mi:b-Cf*. iJ^y-fea— /K iJ^o 
— p^, -^/vl— ><.fe^v^{i^g^^&^.l— 20%. J:«90*b<(io.3-5%. S^Ma^bT}* 

^diiJ^AfeSV >{*^m^^.01-5.0%. 0*L<m.5-2.O%^*Pi-6(^;5SM*UV > 
^•^^m\tm\^^i()K 0*U<«pH4-lO. J;t)^Sf*b<{ipH5-9{^PlEbi§*i-5t. ^ 

[0098] mm^m^. mM<Dmmi^x^xhmti:^^K i^mumm2-38x:^ 0*b< {*2o 

0*b<{-±3-8 0-efeSo 
[0099] ^J»0K-12<5|c ATCC10798^^'rSNf<©itfl&<^m^^. gfi^fil^S 
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mmi^xoxhm^j:^7f)\ ^mumms-^sx:. m-^v<m6x:'ch^. *fc. Jt^f* 
[0100] ^<DmKmm\^fcmm-mm^6^mmm'r:6^tKx^i^ti-^y-yv-/^^y'^v^ 

[0101] . i^mm^nhfifcmi^^i^^ti^i^i^^ m't^^m^. mmmti:if(^^m 
mmmx^^o -^^^xhtut^ ^(Dm.^x\ mi^^M'^t^:mmimmu nm. ^'C,^ 

w-[HK:^:^'r^:^mmmm^^mir^^tt^'^mxh^o 
[0102] mi^^fifc-mi^^t^Mwmmn. ^'t^^m^. ^mm^£t'(D:}fmx\ -^m<ii^ 

mmM,itmmts:^<D^^iy'^'p-(:^^i^i^^m>mmx^^o 

[0103] /i/^-/^7^tK^y•:^— ^^tt<DSa^;^?fe«. Myc^\^^mMir^:^mt 
NADH*fc}*NADPH(D340nm(^S^JDlO^/i^^S!)^i-^^^;'Cfife$tt§o * 
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[0104] mm^tifcmmtt. ^(Dnmm^i^^tiye {:^-<y^>cf) page^. sds {Y^i^jvm. 
b) (D^>y<^m^mfhti^o 

(a) iB^J#-^2. 4. 6. 8. 10. 12. 14^ti\i28lzmm(Dr^ymMm^^hti:^^^^^< 

mo 

(b) gB^J#-^2. 4. 6. 8. 10. 12. 14-^tii-i28\Z.^m<Dr^/mmmc^^^X. Iti 

, :^mmi^^^xmm^f\^^mm/£^^^^<mx^^o 

[0106] _hfErit>L<«m^<^T^/m:dsg|^. Ax ^xxfX-ttii^mL-tir^y 

^ga^J=^^U. /v^i^n-^/y— j3^^<D^>fl:M7uKJi5^^MIKb. 

M6<J{3:ixa--r7ixh-/w--jl7ni-S^^^i4Sr^®6^(-*$'fev>l1>b<}*^^0 

o 
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^(Dmm\z^^ >XfXi^^fS:^y^ ^tmibhti^J:\' ^h(Dh. ^^m^^'^^ii^Mk^^^^ 

^(Dm^ia^^(biz:^m^m<D^mi^^i¥m:ir^^t^^-^mxh^o */c. h 

^m<D^>'^<^M\^. fil14lC{*i£^^"T??&V ^^T'^K^^^WUTV ^dS^^>ttT 

ifit.mwi'^. i^fci'i.mBm^:^^<ii^M^<Dmm^^L^xm^^in^o ^<D^^fj:^i^^< 

:S>^-^^<^MXh^.:^^m<Di^^-^y^i^h—/>y^^Vti^'r—^i^^^^n^h^ 

[0108] fj:id:^mmmKi3n^ mw^<Dr^ymi ti-i^ :i^mmmm(D^^m^^i^nti:^ 

[0109] 7|s:^P^Oi^t3-^/iyh— /i^T^fcKny^— ^^UTfi^fc. J^T<^DNAl;iJ:o-C=i- 

(a) gB^J#-^ls 3. 5. 7. 9. 11. 13*fc(:i27(;i|amomSSB^JO=i-K^^^'^ 
tPDNAo 

(b) ia^j#-^i. 3. 5. 7. 9. 11. i3-^fcm7Kmm(Dmmmmi:>\^<i^mMmm 
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[0110] — -cv^5^;x.hy>^^;?a.:^^/j^^#TJ^tt.v^t>*^5#M6<)^<^^^-l':7'l^ 

. ##M6^^.e^^^:^y5'K3&5?^^^tt/iV>^#^V>9(Sambrook, J. et al., Molecular 
Cloning A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory 
Press (1989)^#M)o ^:^hr^i^^>^Vti:^Writ\.XM.i^miai^. 50%^/VAT^ 
h\ 4XSSC. 50mMHEPES(pH7.0). lOXDenhardt's solution, 100 m g/ml1^'>'*S 

^DNA^^tf^^^'^•^ 42'c-e^^-r>^y^5^'1'X$■^, ^jfev>-e^m-e2xssc, o.i%sd 
smm. so'CT-eo.i xssc. o.iVoSBsmmx-mi^ir^^W^^mifhfi^o . S'J<^ 

:x-r^^m^mifhMo ^fj^t>*^. mm^m. 3. 5. 7. 9. 11. i3i^fz.m7\cm 

[0111] < i^n— f / Vh— /Vy^tKny V >fcixa— f/ v^b— /K^^ljit;^^ > 

[0112] ^^^^5t^^-e'Kffli-^'>'l^--f'/'>^-^^7=^l=K'=^'>*'^-■^f*^-t^^^=^^^^ 

[0113] v^n-^r /P-T^tKoy":^— '^^=^— Kt-^DNAf*. ^3];^}^, |gc^<^;6^e)i*tb 
Lfc^>5^Vi»^^Ml-b-C. @a^J#^l. 3. 5, 7. 9. 11. 13*^(*27/j:^<D^«Ba 
^J^^i-SDNA^;Ky^7-if ^^-^yTi^v^g^ (PGR) KX^Xmrn-T^^tiZ-X 

m^M^'^^^^^A.^^mir^^tKXoxhn^^tt^nmxh^o ^^x^ ydgj 
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[0114] :L<DX^KVxmtD^A^:f7:^^V^^^-i^m^7l^t^o :i(Dmi^^l^ir^'^y^ 

^t^m^i^^-e. DNA;6s^mi-tb}*. #(;iPfi^$4x>fcv>o f!lx.mac:/n^- 
[0115] ;i(D<t5tc|^M$:h.^c#«x.y^^5K-<^^--«>?i^#^^{-^A-rs^^*5pr 

$f*L<^ffl$tv^ j€(-0*l-<fi^M0 (Escherichia coli)*S^ffl-^#So 

[0116] ^^^^^i^{mifex.7"7;^^K-<i5'^-^#Ai-s;^^^i^-cf*. ^Jx.f^^±»^ 
tiiM-r-Sm^^^^^-^l-f*^ ^^'t'T^^'h-fe/v, aiV'i}rhajl^i/-v'3 

[0117] ^i;i> #^^^mii^i-^fc«)(j:'®ffi$^x^i^«&f*. m^u^m-^mi^rmm 

-r^j^ifi-efcttfi. #lJ:RS5£$tl/5feV\ '^J;tf^. Nutrient Broth. L-Broth. fjiif^m 
m^-lir^fcJ?) l;i^y 7'atVw^;^-;i5f yi^hf^/i^K (IPTG) (DXo^^^^'r::'^—^—^ 
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[0118] -oi5^;l||$Si$l^fcDNA=^>bom^x.7"7^^K-^^^-^^AUc^&^m^^^ 

m=^m^xoxm%:mi^'r^. ^^^^ ^'^^^mv. ±m<D^mnTy^A^M<Dv^ 
[0119] v=^>\f^iyhmm^mm^f^'mm^. m^m^. ^(Di^.-^Rmmmi^^^r. 

mcx^mmmmm^mmi^fc:tiyj^^u-rh^yy^-.umf'mfj:ifiz.x<>x. 
mm-r^^ta^x^^o $^>(-. :^mmim^^tmm^v<i-imM^mi^t\^xh^m 

[0120] ^mifmx^mi-^^:t-4y'yh-^^2-y'\ih-^y'r—^i^s nad^^^c}* 

NCBKNational Center for Biotechnology Information) (D:/n7^-l'>'7'— iS^^^^l^T 
:J^^V3>'#-i-2636516. 17982589. 23464076. 10174936. 17742455. 50120397. 
28853468. ^fcmzmeZZX^mflX^V). ^tL^<DT5/^Ba^J'S:=^-Ki-S^ 

mmmmnh±mr^-^^yB:y^^(Dcr>s^^m-r:6^tKxm^^tf>^x^^o 
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mm-r^^tii^x^^o :^mmitmmmmh\^<i^m^^tmi^t\.xh^m 

mit:ffmi!)mmx^^o 
[0121] v=^:^^i->hmm^mmir^m^. m.^'f^m^^^^ ^:t-4yi^h-/^2-r\^v 
ti^^-^t. ^^mmm^m:^mmi^^m,^^^^th-^^xh^. ^<Dx^i^\^x 
mm^mm^tifcmmm^^mm'r^^thx^^o 

'r-'ii(Df^\^miiv)(Ditm-^. ^=-ymxmmir^t. z6x:{cio\^x. 

_^ yy^^tl^tcm. Iminrai-l U mol(DNADH*fc{*NADPH^5ti^$tT/S(DSrlU^ 
bfc^-a^. m:^<0^\^mi(M)(DitmK 1:10-10:1. 0*L<(il:2-2:l{;i>fcSJ:5 

[0123] ^^^m^Xl-i. «^mNAD'*^c(iNADP':6S^^^T'fc«9. KJS^?^4'-eNADH^fc« 
NADPHl3:^^$tb. l-O, NADH*fc(iNADPHtiNAD'*fcf*NADP'{;iH^fciJe). V 
^^^/V'^M^t7i^t>ib^^o NAD**/cl*NADP*i!NADH*fc}*NADPH}*. ^^^(D 
pH^'^m^i^ts:\). NAD'^fct*NADP'fipH8.0iJlT-e^^'efe«9s NADH*fcfi 
NADPHttpH8.0J^_h-e^S-Cfc6o tJfeo-t. ^RSt^<Dpm^mpii8.0{Z.^-D^ti^ 

[0124] ;*:^mHJ^?l-'Kffli-S^^^(*^ NAD\ NADH. NADP\ NADPH<7){SI^^*- 
D'^fc}*. NADP*>{|SM*U<. ■t<D^i«{*. 0.0001-0.1%. 0^b<}*O.OO4-O.Ol% 

. :^Rst^(DR}^smmi-iMv<mXir^o tt^o-c. iyi3-^/y-^^0.01-3%. 
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[0127] ^;^-^7Vh-/V2-7^'fcKi:^^'-^— -^f Mg'V^>'-e^i4^li$tT'. ^^^-^ 

0.01-5.0mM. B^]^<m.2-2.0mM{Z.fj:^X^KRmmm\^mnir^(Dimi£.-L\^^ 

[0128] :^mm tii'^ffli-s^w-efes^:^— -r/v'^-/V'<DSJ^;^^^4•<^^g^^*l-3o%. 

[0129] R^t^um\^. RmT^mn-rnit. mM(Dmmm. nad^*^ 

i'iNADP*<D^^\^. mm(DmWi\^^nm.ir^t. 20-50'c. mm^<m5-4ox:x 
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[0131] mmRm<DW±t^!i^^wj:m^n. mm^ft^ i fl^^os^^jti-tiff j;<. pH(d 

[0134] rcD {cu-c#fetifcJg^tt^^t^— r/i^b-/K^)^isi:^ife{*WT<^#t-UT=?T^.e 
[0135] b^ii^U. :i<DJ^^Bl4>-n-^7i^h-/V''SrM^t-^)!PFUT#e>*i.6v'n-^/v'b-- 
[0136] mm^yJ>^n. ^;i-v^i«fli^ffiVNfc;*?7A^5g^bv\ rto^ic-Sffl^ns-T:^ 
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[0137] mi^^^'^j^^i-i. m^^nmtu ^^:^yj>>m^mii>fcm^m^imm^m'r 

So 

[0139] ^^14Vn-^y J!^)|Sf <D5:t-^yi^h-/^s iiSXXJ^^:^-^ yi^h-/\^t 
[0140] ^fc. #^tLfcv'n-^y^/b-/V^tP^^gl-. jJ^!>^^. NaCl^Sr 

nt^-fr. ^^/'-/i^(Dx^^j:mwmm^M^^^tx^^it^-^^:ifm^x<^x. v-n- 

<4-l> 
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^mRXf-^mM^m^. ;5^o^iS'^l^<DpH'Sr8.0-i i.ote:PlEb-Ci/o->r/i^b- 

(DIM. m3(DjLn-^nhtitdm^mmxim\^mmm*^hi^^--(y'^h-^^^^ 

^ yVh— /V • *:!>^1g-a'#^^tft<^'^*><'"^^«tV ^o m^W^ \Z^'^tl^ ^\^mt 

bxf*. 4^«s. 5^;^. 6^^. 7mm<D^^mm^-^\^<. m^.^^. 

[0144] ;i^xe><?55*>. ^;e--^/^/b-/V'<Sr#tei03Sl-'Sfflt-5wi:;6S-e#. ^<D#^(D r^xa 

/v^^:^-^y>'h-/w^tpm^*^^*tf^-^ji5-e#^o 

[0145] 3§7nsj^;i;ifflv^siyn-i'yy-;^f±. m^yi. i^m^^mm^x-w^m^m^^x^ 

yiXh-/VSr^'fk-rSr^lCj;o-C#^,*T^t><^ (#ii2003-102492#^#) Sr^ 
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[0147] i^ti-4yy-:^<Dm7cK!t^\^. mx.\t. 20% (w/v) i^r(D^AXiyn-yc yy-^ 
m-r^m^i^i^. m7tm(r>-m^^m\^x7i^m:ff:^*^^±'r^^t-d^h^:dK 7^m 

[0148] i^vi-y(yy'-y^(Dm7c\^XoXn^Mi^^-^/i^h—/^t^:t-^ y^yV—fVCOWi 

^m¥\^^^^X. l/^-^Jx/Y—M-t. |gS/&s^l.6%(wXv)Sr®;^^^. %^\zM 

^•a?*^2%(w/'v)ixn— r/i/b-/v;ds^c^>6^ ^?a-x?^NF 

rfl^kg-r-S^x Vn-^yi^h— /K^iS«a?P§|55)'<^*ft0.4% (w/v) *s^^^b?Sr*&J65 

jItcS^S:^^. ii:C(::iyn->i'yiyh-/V":^!j7^^'a'«5:^?i^^$-*SX@^fT5^^^5 
[0149] ^loxm-cii. _his<D<t9''<cri/n-^yi/h— /vi:^::^— ryv-h— /^^-^tf^-a-^S 
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KOH. Na CO . K CO fj:t*(Dmm'Cmiitr^^ti^'^^^o 

2 3 2 3 

[0150] ^:i-e. mM-r^^mm^. mx.maCU WaHCO^. Na CO^. Na^SO^. NaHSO^. 

NaH PO . Na HPO . Na PO . fflB#. KCU KHCO . K CO . K SO . KHSO . KH PO 

242434 323.^4 

. K HPO . K PO . MgCl . MgCO . *5j;t;«MgS0 ia*fc{i 

2434 2 3 4 

[0151] MK^xmi*. ^^m^^mm.^m^m^immx<^m^^^fcii>. rv^phm 

i>K 90%j^Jl±©lHlJDl^€r#§fc*(:if*. 12-76Nf^*50^l.v\ 
[0152] /iXh— /V • TjN'^^^-a^^}* . NMR-e?tMbfc;?K^<^^^S^^0.01% (w/ 

fcv^mx^tE-r^fci^. ^mmi^xn^mi^^^u :i(DiMKx<>x^^mti^^ 
[0153] ^m^fifci^r^—(yi^h-/v-^'>mm^mmm^^. m^t^xm-m-r^^ti^ 

hx^^o 
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[0154] m^. m3<Djmv\^. ^m^fhtiiyvi-4y^^h—/i^'n-^^mm^i^^Bi^^M-f' 

ii!-^v<i-imm. mm. mm. v>'m^£t^(D^m^m^^^^ti)^x^. xmi^i^<i^^ 
m^my^^^^^-ta^x^^o :Ltih<Dmit. mmi^^ox±\:.^^m^:t>t^^Sift^^ 

m^oAmM^±(Dm^^mKir^^t-dm'^v^\ 
[0155] m4(Dj:mxn. m3<DiMxmhthfcmi^mmxnm^mmm^^h^^^-^/iy 

[0156] ^^m^mm^'^f^^. mSCr;V^-;V:^1]\^X.. fim.T;V:=x—;Vt^.^m(D:r. 

:?^T7VtVX. (Journal of Organic Chemistry. 23#. p.329— 330. 

l958^);|^ffiv^■Ot>J:v\ 
[0157] ^h(Di^m(n>o%. -Y;^->^^^J3i^fflV^f^:iXl3— 

%^Kmmut.o. im.'^y<±.(Dm^mmx^^:Lttmi^\^y'\ ^ti. :L<Dm\^Mm 
m^i^<Dp\^7!)i2.5 (w/v) %Kiri^fj:^x^^j:mmxm^^ax.xmm^nfth(Dx 

[0158] J;p/.emi4^^S^. ^-r . ^JR-r;^>'^^*i-^fcJe> l;i!ii^t^'i':^^^m«IB 
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[0159] mm\^'^^'^^^m'^i^^^^m^:t^^-^^m^^titimm\'i. m^. ^^^m^^^ 

[0160] ^»jigi;i^M$ii:s)i#f*. '^^^mti^^—</'yv-;\^iiK wmmxmm\.x\^^ 

[0161] :Lfih(Dmm\^mm^'^x. ^m^:t>'Rxj^^-^^^^^^^^^^^^^^^^- "^^^ 

TzLi-mMti^xmmx^^o 
[0162] *fc. m4ox@^;l*5v^-c. mmmm^<Dmmmm^mm\^xi^n-4yt^v-/^^ 

jt). m3<7)iLn<DmKx^mmKXoxm(bti^mmt. mmmx:hoxhx^^-dK m 

}*3.o%-io% (w/v) . j;90*b<r*. 4.o%-6.o% (w/v) iJiJ^cS 
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[0164] ^wmmom^. m7L\t. :r.^y-j\-^m\^^^m^. m\^mmKn\^x. o.s-zi^ 

^<7)azi5'y->'W^JbP;tSr^;6S0^b<.O.6-1.5f^^<7):3^i5^y-/V^:&Px.6-^*^^^ 
/.y\.^;]^.:^^^1g_^i^:t^f^^^^mi^^m\^tc^mM^K NaCK NaHCO^. Na^ 

[0166] :i(Dm^J:%i^i^o'X^-'^-^^^>^^^^^^^^^^'^^^^*^'^^^'' ^ttJ^^=^^^ 
[0167] < 4-2 > V/ n-^/y — ^^^^bi^n-^/v'h— /V • :^^mM^W^UrfKZ^^-^ 
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[0168] i/o-^/y— ;^^^t-^^?^(-53V>-C. i>^ti-4yy—^t::^^^\::^^^^M^ 
2003-102492-^<^#)ti<^^^ffl-r^-^3&^-e#^o ^^i^^'ftl-J;o-C#e>*T^->n 

[0171] ixa— I'yy-^'.oig^cSiSW:^ '^J;tf^ . 20% (w/v) j^T<^'^*-ei^o-^y>'-^ 
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[0173] m2(DX@f*. miCDX@{;iJ:o-C#^)ttfc r^:^--^7v-h— /v:S.tJ?'>n-^ /i/h— 

m^^^m^n^o 

[0174] m3<DTMxi^. m2(Dj:nxmhin^m\km^i^. ^:t—(yi^v—/i-^mm^^ 

[0175] ^^-^yixh— /v^*f tti^-fr-f . v'd-^/^/f— /K^^Sr*ffttl^-^^*i:f*x 1^;^ 
flf^. /K^J#'^o.2-o.4{^?^-efc«5. 0*b<{^. mi^mmi^Mi^x. 
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[0176] im'^mmm^^m^^-^'mai. m^mK i^-mm<Dm^\-i. ^^-rvhmw 
[0177] ^(Dj;5>'c^^{4^■e7K^4#^^l^^^m^-r^m^^ v^n-^7v'h-/K7)^^5^jf ta-rs 

[0178] [MMm'\ 

mMm 1 

[0179] <i^n-y(y^^V--/\^<DmW3miA^:^^--M> 

^^-^j^yY—/^ 10.0%. ##3^s3f^ 1.0%, i/oL— i^n— ;?^l.0%Sr^tf?S^*:^^3y 
ixh/V^. lNNaOH^fflV>TpH7.0l;i|i$iU. 100ml-ro500inl^(D/^-/:7/V#^H^ 

— AB10281t5|c(FERM BP-10119)<D;5<.7Vhjt^J^^l 27*C 

250ml^o^Px.. iNFF^n-iS'y-i/:!:— ;(;-T*»#L. 

f/iXb— /V^^jlfU/cio (8,000 rpm 205>F^) 

U _h^'Sri#a-h^?^(10.2L)i:bfc„ 
[0180] i(D^^±«?K^i^)tlK^|Ci5'n'^h^77><-i;ij;«9TiE<z)^#-e5>«fb^o ^<^S§ 

i§^±^^^ttJ(^{i^/i3-^yv'h— /V;65i2.6mg/ml (129g. ^^^^43%);^^L-C 
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[0181] i^ii^K<*:jJ'n-^h^77-f-<^5>^^#f*£^TOM«9T?*>So 
:fyyM.:VJakosi\ 5NH^ (4.6 X 250 mm) 

^^WfS : RI DETECTER ERC-7515A (ERMA CR.INC.) 
^AA : 5^1 

mm : r-^h::^h]}/\^-:^= 4 : 1 
^M. : 2 ml/min 

^WNf^ : Vn— fyy— ; 11.6^ 

/V; 17.85^ 

[0182] [^1] 

[0183] ^ic. ^m^m-(^>^^mmy':=-:t94H^mmm)c-2o iu^m 

) ('^^>fb^*fcii)500ml^^i«L,fc:i{/7^(l^#5cm. ;g:$40cm)i:^'t4^200ml^^« 

soomKD^^^-^^^^TK-^aji^-^-cijfei^ufco ^(DmmmRxjf^^^^^ ^ s^msi* 

|^;^-^^^«Jii7^'^^^'1'^(^^^^)A116(OH■M) lOOOml^^ 
i«bfc;&7A(l^#7cm. ;S$40cm)(cMia$-fr. ^<D#r(D;«;7i^(C1000ml(O-r:^>'3S 

j-yY—;v^J.^<Dy^mP^ {^{5^; A/if ^^L-TV ^/^;^^ofeo 
[0184] ±|aiiJ:^)#fc7K^?^^^^JET-e^700ml^'e^S^b.3i^7-/V'^3<tft(jPx5'C 

118g#fCo r<D^(Di»3illHlllZJ|X^W:92%-e. 5:t-^/i/h-/V36^P5(^v'n-^yVh— 
/KD^|lIiDl^(^39%-efcofCo 
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[0185] < iyvi-^y-yh—/^(Dm^:^^ (i^^'^—M > 

5;^-xfyi/h— 10.0%. m^^^^ l.0%^ iy^—^vi—:^im^umi^mi^40 
yyh/V^rSOLWv^^— :7rP«>'^-l-#Ab. IN NaOH^fflV^-CpH7.0^^:PMb. :t 

— AB10281^(FERM BP-10119)^400mlg8ab. 27'C-e5 0 fM. M^*lwm, 

[Hi^^2oorpm-cjtabfco ^#^> mm^tiit.mmmm^ou:L. ^5o'c<^?a7k^ 

:i<Dit*?g^5^^^i:^^il (8.000 rpni)b. 0#:^^|^*bfc?^€:l§^l^0M^ 
lOODirU/Co 

[0186] ci(DJ^^I^^ISSrl^?i^S<*:s5^i3-^hi/97^— (cj;t)TIB<D^#r':9-Wbfc„ -^rt^^^ 
m^^MW^ia-i'^^-^yi^h—/^^7in6.8 mg/ml (1.68kg. ^i^^42%)^fifeb 

^#f*^ii^Ji^l^#-e*>^o 
[0187] nhfifciooh(Dmmi^. 7K^>fb"^M^!^^400g^*px.-r. «j*^T-e:t)P^u. 

98*c. iNpF^^a^^T'^^ofco m^mmm^^^ibi^. 7i<mit-rhv^j^5eog. ^^^m 

1340g. NaCl 1260g^;llP;tT. MM^^tio mW^±i^X. ^<Dmm^M.m^. 23 

[0188] m^. mi^'pK^^i^tci^^-^/i^h—/^^^n^^'^i^(^^^^^M-r^tcii>K. 

SiJoW^{c:$i9fcU. ^*Li;i;i<:5.9L. 37%i&^1.95LSrAn;t. mWl^tCo 30^^. 
. j^^^50%p<i5^y-/HL-e?5fci^b/c:o #bttf:i^i^<^^^(^1.8kg)f*. m<D^^ 

},z.mtz:v. M^TiaioL^Mx., mwvti:7i^h. um^^^ifx. mm^mi^fco 

/vm^^^mtco j^#;feixn— ryi/h-/i-(D4ffife^^^l.35kg#fCo 
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[0190] < i^n— fy Vh— /W^fife®C»16SrRNA:^SSB^Jl-i^ 1^^ > 

. AB10285;^. AB10286;^. AB10287tt. idXXJ^. AB10253^J;«9W«^tbfc 
ABlO281»<Df^40t*(D16SrRNA^SiB^J^W{*^ ^ifef^tJ^orff >feofCo -T^Jit? 
i^#^<D0#:d^b-yy-t.DNA^i*m#x 16SrRNA<Z)^1.6kbpdSjf 

[0191] m2i,C^ m^ife^. ^M^»ll^l^#t-it*b^-^<^^>''^-^^^>'^^-^^""<^ 
[0192] [^2] 









Acetobacter cervisiae. AcettAtacter malorum 


99.93% 


40.0% 


\Acetobacter cervisiae, Acetobacter malorum 


99.78% 


4.5% 


\Burkholderia andropoeonis 


98.12% 


2.6% 


xBvuMiolderia andropogams 


98.04% 


1.4% 



[0193] ZJO^mi'^h. ^:t-4y-yh—7V^i^^-^y^^h—M::W^ir^f^t}^m-r^4mM 
(Dmm^:l^^<2mi^^i1r^^t7!)^'(^^^^ti)m^o mmtX^X^ AB1028m^ 
AB10285i^}'±. T-^W^^^ — -fe/Vfi/ai (Acetobacter cerevisiae) , iefdit.. T-feh 

— ••rn— (Acetobacter 
AB10286t*^AB10287t*t*. y<^^:^;Uy'])r'T>Vv:^=^=^:^ (Burkholderia 
andropogonis) -CfcSirl^^^HfCo 

[0194] < T±W<^^ — :^P^}i'—AB1025Zm^h<DNAD*^i^^(D^:t-4 7 v-h— 

500ml^I75/>'/V##H^77;^=il-x mn=^^MFN\205: 
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Lallemand Bl^HM)lg. ^/l^=^—y^0.5E^Mx.. 100mUZfj:^mi^7i^i^MM\^. pH5.0 

:i^::^}^'—AB1025m^:^'^l^hib^hs ^tl^fll\^^:S(.i}\iX.X. 2Bm. 27*C. n—^U 

[0195] ^{^. 50VyWl-^>^^—^r?^^^i?—i^. fyiXh— /H.2kg, W^^^^ ( 

FNI205: Lallemand BlltJ^) 0.4kg. ^/Va— ;^0.2kgSr;lJPX.. m^yhM^fi:^m^7i<> 

^<?^^ — ai::^t°— ABlO253t5feO0?g^4OOmI^;!jPx.-C> 3 0 il^Mlwrn 

immmu m'Mmi^x-:>x. ^^m^^mcm^. 20mMby;?^^«?^pH7.o 2v 

Sr#fc„ :L(DttmmK. 20mMhy;5^M®?^pH7.0. 0.6%TritonX-100(Kodaktt:jil) 

5oomi^*p;tT. mmv. zmm. i5x:-cmm^mm\^fco ^(d^. m't-^s^m^n^j:^^ 

[0197] 5S^^^g420ml^*, PS^^jg^g (MW30000cut off) (;i j;o-C150ml^-Ca^il-. - 
(Ommm^. 20mM(DhV:^mmm (pH7.0) •X?^>fbbfcDEAEha/-?— /V;^;^^^ 

4oomi^iiii$-fr. i$f^^^<^w^mm^'^tio :^'7j>>imm^^tc^^^^<^mi'im^. 

#B^+i^J^-^*'fcV>2OmM(Dh!;>^i^«?^(pH7.0) (C, NaCl OmMy5^f>. 500mM 

<DiiD^^iS<^@a^/!)^ttfc^ (i^ii.ey %i5> w (<:iomi<Djgs-eii)©$-^. 

^ |?.®^i4^J^*7feV>2OmM(Dhy;^j^«?S(pH7.0)600ml^3ib-C. 

^fC0.1%TritonX-100^-^tf20mM(Dhy>?.MW?g(pH7.0)l^. NaCl OmM 
d^e>. 500mM<DUIli^^SE^;5^{tfc^^^ (i^»1.6y5/h/V) ^l^P^ l^llOmKDjifg 

[0198] #H5)-<^^^?SI4<^a!lS{*. ^2p6<J>iC;^^^b-C. ^:^^-«i?'^^50 ii UClOOmMy 
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[0199] ^(D^^. ^mmt^ 0.1%TritonX-100^^tf 20mM(Dhy;=^^W?^(pH7.0) . 

NaCl \QO-nOmU(Dm-mm^\zMm'r^^ti!imof:.o ^l-. ^<^®5>(240ml)^ 
mbX^ Pg^^ig^g(MW30000cut off) lCioX30ml*-C'ii^b. 0.1%TritonX- 
100Sr^tf20mM<^hy;^i^WIK(pH7.0) \0Qm\^1m^X^h\zMWi\^. 30ml*-^^ 
m^f\^fd^Wi^. 20mMOhy;^i^«?S(pH7.0)'Sr70ml;tJP;t-C. jUil&fSrfT'feofco 

[0200] :L(Dm^\y^mm^t:mmm\'tmz.^ 0.1%TritonX-1005r^tf20mMOhy;^^ 
«^^(pH7.0) -e¥^#>fbbfcifcKndri/T^-?;J'^h;i{77A100inlt:iftal$-fr. ^l^^^^m.^ 
WLm-^^1to ■^'7MZ.^m^^1^^^^^'^^%\^. 0.1%TritonX-100Sr^tfhy 
;^i^®^S(pH7.0) y^^^»^S(pH7.0)^0mM^^e>. 500mM(Diij|i^a4ggBSr 

[0201] ^(OWW^. ^mm\^. O.iroTritonX-lOOSr-^tf 20mM(Dhy;5^i^«?g (pH7.0) . 

))i^mwmu 100— i70mM(7)^W:9-(2:^m'r5-t*5*Jofco ;i<7)tltJ:b-r#^ 

A/-eV^fCo Rl-x i(DW^(40ml)^Je)-t> |5S^^)g^g(MW30000cut off)lCj;o 
TSml^-e^giliL. 20niM<Dhy>«.i^«?^(pH7.0) 100ml^;!lPXLr$fel^5nil*-eai*i 

[0202] r(Z)^(^b-CM$tl.fcrC»^^*i?S^^ M> 0.1%TritonX-100^-^ti'20mM 

(pH7.0) -espW'fkbfcDEAEha/-?— /W;*;^^ C^y— thM) 20inl^ii 

li^-^. ^i^^<^m^^m^'^tio itj9Mz.mm^'^ti^>^<^'M\-im^. o.i%Trito 

hK-lOO%^t^2OniM<Dh}}y^1^mW(pH7.0) {C. NaCl 50mMy{)^f>. 250mM<Dii: 

^^m^-frfco ^tfci?^{*4mi-ro(^®^ic5>iifbfco ^m^. ^m^<Dmmfsnm 

[0203] ^<DJ^m. ;2|5:S^^o^^^ttt+Bi8tt(^*>5i5':/^-?^®<^^^i^K365SDsm^^lb35> 



wo 2005/035774 62 PCT/JP2004/01Si74 

[0205] M)ipH<DiB!i5g{*. mm^'i^m'^(on. mmmiSLx:^pH^^'^xm'^^n^of^ 

^m^Wit, 100niMy>^i^^tK(pH3-8). 100mMhy;5^«i«f?K(pH7-8) jSttJ^l 
00mM;^^MW(pH8-ll)<SrfflV^f::o ^(D^^. ^^^{*pH4.5-5.5{c:®:fc:^ 

))<Dm^. #am^«-r^^^(Sn''. Un\ Ui\ Cu\ Fe. Zn"". Co^^ Pb'\ Ca'\ Cd 

t7!)motio m^f^^it. lmM(DSn V:^:/#?£T{^*3V^T. Sn^>r:^:/##?ST 

[0206] *fc. :*:^^«I^Pit9'd^^>. TritonX-100lcJ;o-Cttm$HS^^'Cfct). ^ftWS^ 

[0207] ;*:^^<^SK#M14}*. fyi^-h— /KDf^*pi9lc#a«tSr^i^aift50mM'^ 

fi:mWi!>^±0rr^ii^^m^\^tCo HPLC^#}*. ;«;7^{j:wakosU5NH2;«;9i^ <f> 4.6 x 
250mm (;?;9^?aft40'C) . j|^»+B(^:80%T"feh::^hy/K^fE5t2ml/min) . l^tU^l- 

[0208] )^;^^L-C. D-drn— T/iXh— /^(+B^^ttlOO% :Km=8.8mM) . 

3— ryi/h— imMB\^6S% Km=14.5mM) . 5:^— Y/i^h— (tH^tSH453% : 
Km=20mM) {CSi^U. D-^n-i-Y/y— i/n-^/y— 
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[0210] 400ml^(D^iL-f^aL— >^ {C. f/v-h— /V30g (166.7mmol) . IMU ( 
pH5.0) 15mlSrJa^-C300ml{J:;^<-C^^5^b-C. ^;^->ry Vh— /V^^^fif ^-frfco rtb 

$fjl^:il5c^DCiP(NaJ6g)^8g-fo;(jp^:^ ^oa^f^i^. eiUi^jgbs -^msgt^il 
^;tjnx.. i^^^tJcS^. ^'L>5)-gl(-J:9. ±?t^^«9mbfco ;i(D<};5^.e^f^f-J:oT. 
[021 1] mc. #btbfc_hm«:. :^;7Aie:|gfefc3fi^14-rjr:/3S^Jii (DuoiiteC20. H^-f 

>^)100inl{C^^?g^l^r^t^l.5ml(^?5fL5S-eila©$-^. #f?nfc^m?^<^. 
|§J?)fcl|:^S14-r:^:^^i»JiH(Duolite368S. OH'^-f:/) 150iiil(CMil$-*^ 

&-fe«&7|c26.5g (148.9 mmol)<Sr#fc (11X^89%) o ;45:i^«^NMRi:. HPLC 
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mmipm.o)2.5mn:in&mMu 3oooxg(D^>il^5>^t?rff'fcv^, mi^^Muto 

MVtz.l00mm<D^My9^=t{::Atl. 0.5ml(O40%^y'V'=»— 7.5ml<Z>200m 

MV>mmmm(pn8.o)^mx.m-^^i:^'^. :Lfn^. 20ni<o^^i^^/i^^:ym^^^i- 

mmpH7.o)2.5muzmmu zoooxs(Dm't-^m^nti:\f\ n^^m-rso Jt» 
^mx. 2oomMv^^mmmmipH7.o)2.5miizn&mmu ^M^3sm?K^#fco 

[0213] :Ltlh(D^mf^M^mi.fcT±W<^^ — AB10253^}*. 3%^;^-- 

. mmi^mmmo.unA^iizifx. 27x:. 2 b mmmvtco ^(omm^x^x^ ±mm 

->^^^l&L^l%*^^^v^5•^^^^*m'a'b. 36'C*-e?«^*p^. ^5c^S®*^>/c^V^ 

^${cf|^bfc3|*M'fe^»10mlv^o<i9^?^t'Atvfc„ r(Dj;5^<e^a^tfJfeofc* 
[0215] 27'C-r. ix-v— i/'Sr^^^:^^— h-f-^rirtcia;?), #>«r {;iNAD*#^ac#5:^ 
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[0216] m^. umm^Atitc3%^:t-4/^yh-/i-. mi^^^^ (Difcotm) i%. ^j^^=^ 

«?^(pH5.0)^tf^?^^linlAD;t. 27'C. 4^^. Mili#«tr^T^J^ofc^. 16000 X 

3oooxg(DJt'il^^^^^T>'.ev^. ±m^^xx. tm.oyMm-^i^xmw^. nad'#^ 

[0217] ^(Dm^. 22W(D^mW(D^^^ ^mt(i(Dmkit-<X^ NAD*0mm:t-4yt^V 

^7V2-'f\ivti'^^^—'iim\k7f)n.3iBsx±icmMvftmwn. a^c^wo. E6-55 

. H2-68. B7-14)fc«9. ^tl'etl. 2.2{^. 2.8f^(Cii;!jPb-CV^fCo *fc^tU^O 

. /Vd^^iXn-^/y'-;^(D^^^f*. ^tl^tl. l.lft^ 1.4f&. 1.5f^ 

[0218] < mmmw (B7-14) Srffl V ^fc5::^-^y^/^— /v-d^^ixn— f yy— 

500ml^l75/y/V'##H:^:7^^=i(C, 5:^— fyVh—ZH Og. ^©:3idr>^(FNI205: 
Lallemand Bl^)ls. ^/V=i—:^0.5e^mK.. 100mltCl/rf:<5#(c:7Ki-^^bx pH5.0 
Kmm^. :t—h^\^—zfKX\)mMVti^i&^20:^(2V^yWl'^^:K:t-^/->h-- 
/V200g(l.llniol))f^Slb. rtb{^. ^MIIt5|?(B7-14)?r;^7:^h;0^e>> ^tl^tll^'^ 

[0219] i§aig^iS'i:.^:^g|b. nhfhtc±mn. :iJ9J>>Kmibti^mi^-(:t>^m: 
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^"tfzo nhtifcmmm^mmu e#.)^7^i62g(o.9imoi)^#/c(iix^82%)o * 

o 

[0220] < ^110*5^ (B7-14) $rffl V ^fc^:^->r/i^^— /Vd^^iXn-^T/y — b^il 

500ml^y:y7/W^|■tH:^>'^^='^'^ 5::^-^yv'h— /HOg. ^©^^r;^ (FNI205 : 
Lallemand Bl^t^) Ig, iZ/l^a— ;^0.5g^;(jP^, 100mlf;i/cC^#l-;4<(iI^<li?b. pH5.0 

/i'200g(l.llmol))f^5SiU ^MMt*(B7-l4)?r><.^:/b;&^^>. 

[0221] J^^^^SOOO X g-e^vL-^gtb. #btbfc_hm*^2y5/h/l^^> 5^^NaOH 

^^fflV^-C. pH7.5(J:|S|Sb:rc„ ZJkViZmWXJidi^h. NaBH 9.2g^;!jPx.-C3l7cK 

4 

DuoliteC20. H>-^'>^)500inl{C^ft¥^^trl:9'rai-10ml<D^K)t-e3lii$-^. 

o 

[0222] #6>tvfc 7KT'470mU^7fe^i:5 t-^^U. 70'ClC*PfiL. ^^--f /v-h 
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Umu ^T^«?$-fr. #^ lz:mW\^ti:^^h. 30t:*Ti^iPb. ^^LK^r^^y-ji^t: 

womm^fzo -m. ^uxikm.^. nhthfc^^^smi.xMii>. 4o.ig( 

222.8mmol) (DW^^^tl (I|X^20%) „ i!$^^NMR*5 J;t;5HPLC iZX^-S^^Vtcf^^ 

mMm9 

[0223] KT-^W^-!^^ — ai^^f— AB10281t^ PERM BP-lO119O04fe'f"Si/n-^yi/h 

^^-4/-yh—/^ 10.0%. 1.0%, ^{'n— ;5^1.0%^-^ti'?Sfli^i^ft&3!; 

S'h/^tTx IN NaOH^fflV^-CpH7.0^C^Mb^ lOOml-f o500ml^(7)^^5':7/k^#H:ft 

— a^j^f— AB10281** FERMBP-10119<^)>^7Vhi^^«^^lfi:^i:^aU27 

'Ct^S 0 raa— ^y— v-rt— ;<7— (l80rpm)^ffiV>Tit*bfCo ^>!r<^H:^ 

8,000 rpm 20^9-^) (SM*75g) ^#fCo 

[0224] ;L(D0^^3OOmlO7K(vll5^L. 10^ J^T-e®#^T'5S#LfCo 

pH4.8^^U :L(Dmm^lN(D-NaOHXpH7.0KmUVfcm^. i^>i>5>flt( 16,000 

rpm 20:9-r^){-j;«9. ±mm^^mLtz. m^. ±mmt^2mM ug^icfji^x^ic 

MgSO ^*P;tT. hay-?— /U;!{77A(^y— til :20ml) (ei^-Y— v^b, 2mM Mg^* 

4 

^^>/-?^S:^W$"1irfc„ l^K. ^ttJ?g^MW30000cut ofS<Dmf^^^UUX. 
^n-^i^W Wl^U\^. 20mMhy^i^«?^pH7.0 bOvtA^liW^X. S^^Stb. ^Wi^ 
mW.^mf^o ^{-^ ZL(DmMmW^^. DEl^V^^<—;v-^yM-My—%.-20m\)\z.'f- 
20mMby;^i^W?^pH7.0 t^h. 500mM NaCU3:/j:5J;5t^^*Dbfc20mMhy 
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Pii^b/jJ;6^o:fe®5>(SIDHl). 200mM NaClt?^tl:Jbfc®i9'(SIDH2) . 300mMT- 
^mbfcM5> (SIDH3) <Z)Ho(D®5>(-^tb^tb. ^+4/5SfeofCo 
[0225] ^14Sy^«. K/S?^ i200nMhV:^mmmpH8.0^ 2%NADPH. l%v^n-^ /y-:^) 5 

u. It. mmms ii\t:m^\^. set:, sommsi^?^. ^ff -^t-. soo/z iotkstAp^t. 

[0226] ±IS;(;7^#@^^Pii5>}*x $?>l-x CMhBy<—^V:tJ7MMy—^:20m\) 

20mMMJ;^i^»?^pH7.0 d^fe. 500mM NaCl{e:jfcS<t5f^^Anbfc20mMhy;^M 

@i^U?:e36^ofcPi^l-. ^tt;65fcofCo 200mM NaCl-C^mbfcB^^. SOOmM-C^W 

i^y—th :20ml) IJI^-Y" v^b^ 200niM NaCl{;i3^j^§J;5(-^;!)PU^20mMhi;;5^^W?^ 
pHT.O SOOmM NaCU^7^<CSJ:5t-1^;!jPL/c20mMhy^^®l^pH7.0 (DE^^^ 

200mM NaCU^Jfe5J;5^C^^jJPLfc20mMy>-^M«?^pH7.0§rfflV^-r. mUl^f^ - 

=i-ri/:/y y T:/h://v— ^fe?^ (^if 5/Kcbb kanto : myR^t^^tM) -^^^ 
^Jfe^ll 10 

[0227] <:>Cj»mK12*t ATCC10798/iSjg^i-§:2|C^M^m<^i»$!ii:.N7|5«:9-*f> 

L_y^v;^-^ 0.5%^-^tf. LB:/ci;^J^i^fi(l%/^i?hhy^hv. 0.5%^«3:^:?«i. 
l%NaCK pH7.0)3y5/h/V-^. lOOml-f o500ml^<D^ P 77^=i30;*i:l^:^iib. 
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AfeT. ^'L^^HS (8,000 rpm ZO'^WU H^*: (mi6«32g) 'Sr#fc<, 
IGOmKDTklC^^b. 10^i^T-e^^JS-t?«&#Ufc„ pH6.8?r^L. ^ 

O^^K^lNONaOH^^g-e. pHlMzMMl^tim^. i^'L>5>ii( 16.000 rpm 205> 

4 

Lfc20mMhy^i^1ff|gpH7.0 50ml^M)©$-li:^ ;«7^i=s^i5fe#bfc„ ^(D^, IM KCl 
^"^fco ^ttJ?S^MW30000cut off(Dm\'^MmW^s 

. :L(DmM.mmm^. DEABh^^<—/l^:^yMMy—^±:20ml) t^^-Y-v'b. 20mMh 
y;^i^«?^pH7.0 d^fj. 500mM NaCUci/^Sj;9l-^^)Pbfci20mMhy^^«feH7.0 

[0229] 300mM NaCl-e^mbfcB^f*. nmm^^mmU'Xm.MU DEAEh3^<—/l^:^ 
yMMy— ^-.201111) iZ^^—iyV. 250inM NaClKfj:^X^{^^MVfz.20mMh])::^B. 
^l^pHT.O d^e>. 350mM NaCU;i>fc^J;5(-^;l)PU:^ci20mMMJXM«?SpH7.0 (DjU^ 

^S<feJSB^3a^ttfc^?^-T?^mb.^ffi?^^77i5^v^3:^Byi-:9-Mi-5^f^^3 
y~tt:2000SW ) ^tii?^t^l200mM NaCUC7'^^j;5l;i^;!jPbfc20mM 

XL 

[0230] ^oj;5(-)lt®i$tifc^mi^^>^^:/y/^SDsm^^»#^ y/v^Sr^t)Wb. y/i- 
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[0231] m^. pvDFmi^^^mm(Dm\^\ >^^mmm^. N^r^ym^mmm( 

Hewlett Packardtl:){J:J:«5. ^^•^SrtT'SiofCo ^<DW^. ^r^-T:^^<^^l^m-r:^ 
^M^=i^}i^-r^DNA^i^m^±^^^^\y'—'^^—^ (.f—^^—^^ rcolibrij 

mmm n 

[0232] <;k:J#1lK12t* ATCC1079Sm^(D^mmr>NA(DmBtm^> 

^i-^::'cJ^0K12t5fcO^y/A^i^iT<^ilt-ttmbyto LB:77;^=ij#Ji&100ml(l% 
^^i5'h-MJ^h>'x 0.5%^®3^=ar;^. l%NaCK pH7.0) iZl.By^^'^^hm^il^/o^^^h-h 
y:/hi^. 0.5%^&3^=3E^>^. l%NaCU pH7.0. 1. 5%lS^) t?i^*Ufc;k:J»0K12t* 

15mlOSaline-EDTA^?g(0.15M NaCU O.IM EDTA. pH8.0) iyy'^— 
SOmg^iD^-C^^U. 37^:. 2^P^f^ffi$'frfCo ^S^. ^(D^^^lC25%SDS^?g 

lOmM Tris-HCU ImM EDTA. pH8.0) icMM^. 0.01mg<7)RNAase^in;t. 36*0. 
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(1 : 1) mM^MK.Xs <4>^<'0tm:WV. RNAasei. •^tiT^-T—^K^^^^'^. M 

. mS.TX^^m^'^tlo l£)!tbfcy/ADNA{*. 3mlTE?^(C^^i|$it, ^thiZlmKD 

e)n^cyyADNA^PCRSJ^:0:^cJt)(D^MDNA^?^^bfCo 
[0233] :^Cj^l|K12:^*^-e. ydgj3S^^^<^yJl^V-i./<-l':/7'^i^^i^'l'h (RBS) ^^tJ^ 

^ir^y94-^—^m^^x. PCRSJt;:^tTofCo 

|g3?lj||-§-15:ydgj-F 5'- cattcaagcttaatgagaggcaatgacatgagcg-3' 
gg^J||-§-16 : ydgj-R 5'- tcffi5aattcttcatgcaaggcacaaagtcgc-3' 
[0234] PCRKf£?«S?S5t*tOEx taq^fS^ffllS^Sr^ffl U> m^J^Takara ExTaq BuflFer X 

lOi^m 5nk dNTP mixture 4 ju U ^MDNA 30ng. 10 M #1 1 

, Takara ExTaq 0.5 m 1^50 n ll,^fj:^X^i^:^^M:^. 30 n 

. i^^iU^Co HJ^?^<4^Ji> PCRltiiie^g(ASTEC^t PC-700)^ffiV^. ^^^94'C30 

m-y:/i/'Sr55'Cl5>x #ft«:72^l5>. <D3^pg<DHfSSr35|lI#5gUTo^ 
±sE(OPCRH^c;:tC^o-C. ^1.0 kbp<D^#$(Z)DNA^;T-:55iii|iIUfCo Rit-^. MM 
bfc$^7/^^^/v^0.3ml<D-^=ari^v■t?ttmb.--^i^:/SSr^*i-6^^^^3lHI# 

mH(DUamm^3oo nmx.xm^u iOfxi:^=7:^\f-y<mm^:b\\x.xm^\^. ^x: 
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mi^^±(7)ummmHmdnitEcoRi^^i n u ^mit^<^w^mmmmmwK buffer 

[0236] ::i<DXoi^\^XmMLtiMWlOtiH^Takar& Ugation kit-I^?^ (^?Satt±) ^10 ju 

;itV(-500iulSOC^(2%^^^h-hy:^b^^. 0.5%^S:i^dr;^. lOmM NaCl. 20mM 
^/Wa— lOmM MgSO . lOmM MgCl)^M:k.X. 36X^X1^ fMB^^^^"^. - 

4 2 

(^J#*?^100 At 1^. 50 IX g/mlT>-t°v'!; 40 m g/ml X-gal ( 
5-Bromo-4-Chloro-3-Indolyl- jS -D-Galactoside) ^ ImM IPTG (^:^;«f9iJ'ht°7y 
V)^t^LBm^^mil%^<^hh]}-:fh>'. 0.5%^»^^^. l%NaCU pH7.0. 1.5 

u^—t\^xms&<^y'y^^V(DmAx^Mm^^f\^f^i^mm^mhti^tiib.^ 
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lyhiQlA filter Plasmid Midi Kit, QIAGEN^h) {Cj;t):7'7;?^^KDNAO^g|*5j;t;«M 

[0237] i^n-^yv'h— /VT^tKny-:? — ■^^ttSr??fe^t-5:fe«)> =iti:^—tVXmm 

^oidr;^, l%NaCl. pH7.0)K^m\^. 36t:7^F^i§#b. ^(Di§^?g{;i200mM^ 

i^n^mm^'^tCo mMfVtc^l^^<i^m^^'t-^mil5, OOOrpm. 20min)-e*a6. 

'i>:$)-|li(15. OOOrpm. 20inin) SrfTV ^. _h^^20niMhy>^^«^ pUl.OX'^m^t 
bfcShephadex G-25;^^A(:7t/^^v'T^±: 14ml) IClTT^^^b. 20mMM;^i^«?S 

pH7.o-e^m$*. Bilfe^tf ?feo:fco ::(Og^f^i;iJ;t). ydgja^T-Si^<^m^^?S 

[0238] S/i3--Cyv^h— /V^tKny':^— ^(^fl^ttaij^f*. S^S:?^(200mMby;^^«^^ 

pH8.0. 2%NADPH. l%>-u-4yy—:^)5n\t. ^^?^5 ju l^M-^L. 36^. SOminK 
J^;;^. tifd^iZ. 500n\(D7i<.%:Mx.X. 340nm<^)®3feS^S!iSb^ ^^?K<^ftt?9{- 

[0239] *fc. ^^S^C?iia^(^a'J^{i> iyn-^yy— ><>10ing. NADPH40mg. ^^lOU^S 
^^•g-tfl0OmMby^i^«?g(pH8.0)1.0ml-C% 36^:. 4NF^Kf£?^x SOt:. lOminO 

mmmioonu mm^iomg^m^xmwv. m'Mfm. ±m^2i^^^u hplc 

(Shodex Asahipak NH2P-50 4E <t> 4.6 X 250mm : Shodex^t) ^ffl V ^X^ -^yJ^M^ 
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mmm 12 

^il^mVtlW^.T^ti/^^y'V^J'^ ^3Lp<:7TV3:>';?^C58t5^ ATCC33970( 
Agrobacterium tumefacience C58 ATCC33970)y/-^'4^<^Atu4375jt'^^^^. A 
tu3234jt'^^^s x^^/W;^ X:/^y;^168^ ATCC23857 (BacUlus subtUis 168 
ATCC23857)y/-^'^'<^BGl40575t^^^^1^>'^^'^^ '^■V^'^^hy^ pv. 
ly^::^}-}):^^ ATCC33913 (Xanthomonas campestris pv. campestris ATCC33913) 

^^iat-SlB;'3<^fe^m^i^t>^btt-CV ^:5T^/^/^i^7^1J ^7 • :n^t'--AB1012m 
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PERM P-17383(Agrobacterium sp.AB10121 PERM P-17383)y/A4' (7)Atu4375 

[0241] ±m(Di^mr>NA^n^B&0'r:\mmtir:6r^ny<^y^V^M. ^=^:^'7r^y^^^^ 
C^m ATCC33970. ^^^/V;^ X:/^y:^168t* ATCC23857. 

pv. ^^■Y:/^;^hy^ ATCC33913*5J;U5, T^n^^^T^yiJ^i^-^i;;?. 
e"— AB10121t* PERM P-17383(??^y/A^UAT<D#t-*AWl-fcio T^CJ/^iJ^^^yi^ 
^^^:7rV3iv>^C58;^. =3ri^^h^■:^^ :3r-Y^^:^hy:^ pv. =3r-^^^;^hy:^ 
m^^'O'. T^i3/<i5^xyi>A«:3i;;^.bf— AB10121^{*. LB:7^><>=3j$iifel00ml(l% 
^^iJ'h-hy^^bV, 0.5%^#^=3e;^s l%NaCU pH7.0) LB;^7i^hi^*(l%^^^b 
-hy^^hi^. 0.5%^«3idr:J<.. l%NaCU pH7.0, 1. 5%l^5c) -ei^^bfcTi/ny^i5^ 

^^)^j>, ^^^:7tv'^>';^C58;». ^f->'h^-^^ dr-YV^;^hy;^ pv. ^f^v^:?^ 
hy>?^*5j;TJ«. Ti/n^^i5^y"y!J'^'^^i^°— AB1012m^^ti.^*;tx. 
. 18^r^. 2rC-C^^e^lCi^^b. m-S^mbfCo vl<Z)M#:-<WhlC. ISmK^^Sal 
ine-EDTA^^^(0.15M NaCl, O.IM EDTA, pH8.0)^iyy^— A50mgSr*n;t-C^ 
«U 37^. 2^raf^ffl$-frfc„ :j!3fa^. ^(^^?S{;i25%SDS^?g?rO. 5ml;tjqx.T 

^ffiT-el£;l^$-frfCo ^il^bfcfiyyi^DNAf*. $^>{C3mlTE?g(10mM Tris-HCl 
, ImM EDTA. pH8.0) kZMM^. 0.01mg(DRNAase^;tlD;t. 36*Cs 2Nf^S^S$-* 

;!JPx.T. t^o<?)^^#b. RNAase^, >^a7"-r-:^— ifK^l^fife^ii:. 2 
m^^W<Jtz,n(n>i^n'Q^^^M^W)m^. itLl;i3Mg^^Na^^0.3mUjPX.-C. 
pH5. 2tJ:|5i3^bfCo ;itb{z:3inl<D2->^ci/V— /^Sr;(JP;tT. y/ADNA^*f W^-* 
fco *fmufc-y/ADNA^^ij'5>Illb^ ttm^-^. ±^^^^9e^v^fc^. i^T-e$l; 
;!t$-frfCo ^i^U^cyyADNAfi. 3nilTE?g(C^j|PP$-^. ^tK^lml<D:7a./— 
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[0242] /^^/V;^ X:^^!;^168t5N ATCC23857}*. LB:77;;^=i^Jtel00ml(l%x^:J'h-M; 
:/h:/. 0.5%^S::^=3r^. l%NaCK pH7.0) ^;lLBP^7^^J^i^fi(l%^^^^^-^y>^^^^ 
0.5%mm^^:^s l%NaCUpH7.0. 1.5%^5^)-eJ^*bfc/^^/V;^ X:/^y^l68 

[0243] ^(C, T^^^<^'r)}^J^ ^::Lp(:7Ti^^^^C58t^yyiMti<^Atu4375jt^^^x 

Atu3234it'fe^^ Ti5^n/^^xy!>A'ai;^t''— AB10121t5|$yyAcf<DAtu4375aie^ 
. Atu3234it^^^^ d{-^:/^:^h!;>^ pv. ^r-V>'^^MJ^**'5^>'-^'t' 

oxcc3438jt^T-. (DRBs^^wxi^^^^-iy-^f. v=^>'\f-r^^hmmtvxmm.^ 

SS^J#-^17:Atu4375-F 5'- ggcggatcctttgaaagggatagtcatgtcct -3' 
@S^J#-^18: Atu4375-R 5'- attggaagcttcgattggctgcgacctag -3* 
iB^J#^19:Atu3234-F 5'- ttgggatcctttcaggggaaatattatggc -3' 
BB^J#^20:Atu3234-R 5'- gccgcaagcttgttttacagcttcac -3' 
SB^J#-^23:Xcc3438-F 5'- tcggaattcgcgttgcggtgaatcgttttcaatg -3' 
ia^J#^24:Xcc3438-R 5'- ataagaagcttgctcagtcgctgctgttgccttc -3* 
[0244] /^^/W;^ :X-:f^}}^168W^/-^^<DBGU05rMU'T'(DRBS^t^i^ti—^>^. 

iB^J#-^21 :BG14057-F 5'- aggaattcgatgataacgcttttaaaggggagaa -3' 
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@a^J|i-^19:Atu3234-F 5'- ttgggatcctttcaggggaaatattatggc -3' 
@ai?iJS-^20:Atu3234-R 5'- gccgcaagcttgttttacagcttcac -3' 
Sa3?IJ#-^23 : Xcc3438-F 5'- tcggaattcgcgttgcggtgaatcgttttcaatg -3' 
ia5?'J#-^24:Xcc3438-R 5'- ataagaagcttgctcagtcgctgctgttgccttc -3' 
[0244] X:7"^y^l68^5|5yyActJ(DBG14057a'^-^<^RBS?Sr&tf^P— 

ffiV^T^ PCRS:^&^tfofCo fab, 5'^{iS?5^"blO^ g Oa{±2|s:5fet-efc5dS;fc:Jii0-C 

o^!^(^)yiifcat;i^|gL:fe:o 
E^J#-§-21 :BG14057-F 5'- aggaattcgatgataacgcttttaaaggggagaa -3' 
fg^j§-^22:BG14057-R 5'- tttctgcagtttagtgctccagcataatggttcg -3' 
[0245] PCRRjS;{*M3ttt<^Ex taqK^&ffl^^^^fflb. M^f^Takara ExTaq BufTerX 

lO^m 5 m 1^ dNTP mixture 4 m Is itMDNA 30ng. 10 m M ^^-f-^— ^1^1 

, Takara ExTaq 0.5 n l^lrSO n ItClfjiSi^t^lTKSr^D;!^ 30 n 

. SBISSbfCo PCRtii|ii^g(ASTEC%t PC-700)^||V^. ^^^4'C-C 

305^, y:^^Sr52't:. 55'C*feli58'C(^3#fi^)-Cl^>. #:g^72X:-^15>. 

^3mpg<^R;t;^35|HliiiigUtTofc« _hlB<Z>PCRRiS:{::J;o-C. kbp(7);^#$ 

ODNAilfJtd5ig,|.gUfCo 

[0246] [^3] 

<^3 T=--^)>-^UM--%> 



Agrobacterium tumefacience C58ATCC33970<^>Atu4375jt'g-f-ffl BBt) 
Agrobacteriura AB10121 PERM P-17383COAtu4375®'(s^ffl 5SX: 
Agrobacterium tumefacience C58ATCC33970<^Atu3234jt^i=-ffl 52t: 
Agrobacterium AB10121 PERM P-17383<OAtu3234jt'(s-T-ffi 52*'C 
Bacillus subtilis 168ATCC23857OBG14057ite^ffl BBt 
Xanthomonas caropestris pv. Campestris ATCC33913(;QXcc3438jgfe-?-ffl BB'C 



[0247] SJSS^, a®bfc^;^^7/^:^--1'/^S:0.3ral(^^dE^1^:^■C^^ttlb. ^i^^-^^l^^i" 
nhntc^JtMSO UL l/i^bv'— >':J'y--V(Biol01t±) ^fflV >-CPCR©TJt^*tiSlbfCo 



# X ffi mMlj26) 
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[0248] i|tUi$tbfcDNA^;t^^!^-<i5^^-(-m^i2.tP^i^{i^ ^tu^tl^it. TtC^i-M 
•a-^-C. tfofCo i->JC^^> DNA^>t^?^10juHc:, |§M7'7;^5:K(pUC118:^M 

fflr?e?bufFerX10fg^S 2/ilSr3inx.> 20i[^Hc/iS<J;5t^:^^®7K^^Jn^^ jg-^Ufco 
/^:?^Sr36°C. 2^^^/;c;;Uyto AB10121^(^Atu3234jS'fe^fi. HindIIIi^-^'^^Sr^-^- 
SfcJi), ^iJPS^^^OiS-ar-r, ^il^.pTTBlue^^iJ'— (NovagenM) <t7^y— ^/a 

[0249] [^4] 

A.tume.C58COAtu4375jA^^>H pOcTlS BamH I , Hindm/K buffer 

AB10121^<DAtu4375il^^^ pUCllS BamH K Hindffi/K buffer 

A. tume. C58(DAtu3234at^i^ffi pUCllS BamH I . Hi^dJI/K buffer 
AB1012mOAtu3234iHS^=-ffl pT7Blue u 

B. sub. 168OBG14057jt^^ffl pUCllB EcoR I , Pst I>/H buffer 
X. camp. (QXcc3438it^^ffl pUC118 EcoR I . HindlllXK buffer 

[0250] ©JK^mKJ!&^ . ;Xj7y->'Srll V ^T. DNA^^t-fc^m^^^iJ'-^^^Su. ^ 
?K^300itzWPx.-C?!l'g'L. 10Ml;5f7;=^tf-X^Sr*D;t-CiS-^U.4'C. IS^^ftU 
±tt^l^*Uyto :¥2/h^#<^New wash^?^500 n I^IMtlX. ;;?f^^tf— 

DNA^JtJi^i9l^;6*tL, S fi<Ji:-t-5DNA^K-i:. ■^m^iJ'iS^-ii^^fjn:^ 

^ 1^ X ffi ^ (MS1J26) 
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^m^tco :L^\.x^mLitmMmmi^mm=^^=--^Ti^^'i^v>^ (50 a* g/mi) ^ 

5/h(QIA filter Plasmid Midi Kit. QIAGEN^h) (J:J;«97'7^5KDNA05>lll:J3j;TJ«*t 
[0252] ^IJI. v'^-^/v'^-/^7='tKcly■:^— e'«tt^?t#i-^fcfe. an^-^U-Cmgl 

i%Nacu pHT.o) imui.. 36X^7mmmmu :i<Dmmmi^200mM^ 

#|^2.5ml(D20mMhy^W?^ pH7.0(;i^^Pf$-^. \ 
20mMhV:^mmm pH7.0-t?q^^&'fbbfcShephadex G-25;«77A (14ml) iJlTT'^'^'U 

[0253] i/n— r/v-h— /^T'^tKciy-:^— ^f<^^'t4a"J^^*^ SJ^^^S(200mMhy:^^«?S 

pHS.O, 2%NADPH, l%-^ti-^yy—X)5nlt. ^^1^5 l^^-a^b. 36'C30min^^J? 
tctz-^K. 500nl(D:^^Mx.X^ Z40nm<Dm.^St^M^\^. ^^?^<^ft*?!9t-:?K 

[0254] *fc. ^mS^£:^Mi^<^ay^{*. ;;^.10mg> NADPH40mg. ^^lOU+S 

^Sr^^?100mM^y^i^1ff^^(pH8.0)1.0Inl-e. 36'C-e4l^^^^£:#. SO^C. 10min(D 

^mioo tiu mi^miomg^M^xmwu M't^^m^. ±m^2im^u hplc 
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(Shodex Asahipak NH2P-50 4E 4> 4.6 X 250mm : ShodexiSt) \ZX. AM^40'C 
^T])^J>> ^aL;;<7Ti^^>'^C58t5feOAtu4375jt^^^^t. Atu3234jt^^li<^. 
pv. ^^>^^hV:^m(DXcc34Z8m.^^M'^. AB10121tt(DAtu4375it 

m^Mi^t, Atu32345t^^^it^^mi^f*. ^«v^^m^^4s^^b. ^(D^mmit. 

[0255] Ti/n/^i5^7^y!j7A ^ay:7riXac^^P^C58t*S5fe<DAtu4375jt^T-SB^Jf*iE>^J# 
-^3{e:. >fe^i-6T^/^iH^J}*iE^J##4lc. Atu323451^^BH^J«iB^J#-i-5tc:. 

5l5COBG14057jt'(S^^ia^J{*ia^J#-^7tc:.;t^^^-rST5:y^iS^J(iSH^J#-^8{c:. 
AB10121;^S3fe<Z>Atu4375a^-7-BB^J«iB^J#-^9iC. ^ i-^T^y^iB^JfiiE 
^J##10{c:. Atu3234it^d^SB^Jf*BH^J#^lU3:. +B^-rST5y^BB^Jf*IB^J# 
#12{;:, ^i^:/h^'^x ^-y^^^xm;;^ pv. dE^-\':/^;^h!;>^^5l5<7>Xcc3438jS 

^^^iH^J{*iS^J#-^i3(;i. +B^i-ST5:y^ga^J(*ia^J#-^i4{;il5^ufco ^fc. 

AB10121;»(?5Atu4375il^^^. Atu3234jt^T-^tf >^7;^^K(Z5i&Sga^J^i?W ( 
<?5Atu4375it^^i:^ AB10121t5|cOAtu4375it^^^^(*x *g^ga^J_b<^*Bl^ttfi89 

%. T^y^ia^j±cD+si^'l4«96%-efc«9. Ti^in^^i^v^y^rj^ ^^y:7ri/^:/^ 

C58^<DAtu3234ite^^^. AB10121t^<;5Atu3234a^^<^ltS@a^J-h(D;t=B 
87%. T5y^Sa^J-h<D=i=Bl^t*fef*95%-efeofCo 

^ife^d 13 

[0256] <T±W<^^ — AB10281t^ PERM BP-10119<Z>MWi-SSIDHl^=i— 
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K-t"^DNA<?5^g|> 

)^mT^^^. pvDFj^lc®^$-^fco r<opvDFJ^^5tD^fu. =i-rix:/yyTvh:/>'w 

-m^m (^tvKCBB KANTo : mmtm±M) x-m^nm.^u ntI^js 

T5:/^5^^^M (Hewlett Packardtt) l;iJ:95^^^tf ?fcofCo ^<Dl^^. N^ii^fj^h 

SB^J#-^29 : SIDHl-Fl atgaarcgnaarytncgiatyggyytiatygg 
gB^J#-^30 : SIDH1-F2 ggyttyatgggycgnacicaygcittyggyta 

[0257] iskK. mmmio—i2x-nhnfc^mi^^-4y-yh—/^y'^v^^^-i-—-^(^^^^ 

SB^J#-^31 : SIDHl-Bl ggyttrtcrmmgayracrtgrstrcc 
SH^J#-^32: SIDH1-B2 artgwrirtgrttgggigt 

AB1028m<oyyADNA^?S^^Mb/Co 

PCRS^E^fiS^SattiK^Ex taciS:f£:ffl?g^^fflU. m^f^Takara ExTaq Buffer X 
lOm^ 5nU dNTP mixture 4 m U ilMDNA SOng. 10 m M ^^^^f-^^ #1^1 
(SIDHl-Fli:. SIDHl-Bl) . Takara ExTaq 0.5 n \%:50 n UZfj:^XoK7i(^^Mx.. 30 ix 

PC-700)t^fflV^. ^^^94'C30#. TZ:-y^i^^50'C30#\ W^^72X:i6^. <DZm 

izt^(DDNAW{)i7!)^i^mvfc::it^mmL'tio ^^{-. :i<^0.3kbp<D/^:/K^y/V'^^b 
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SIDH1-F2i:> SIDH1-B2t^b^c:|^^{*. mmoyPCm-ftMU^X-^JtW^mUl^s 
PCRliiliigeCASTECtI: PC-700)«rfflV\ ^fifeSr94'C30#. TZl-y 

i;£;[Cj;o-C. m^^ll]^> ^0.25kbp(7);l^t$(DDNA^>i-^Sif i|igbfc;i^^?i^b^Co 
jjs^o.25kbp<^;k:t$(DDNAf&f>lt}^. :i(7)|H55^^yyv^^b§]«9Wb. v?->i^y-:/( 

[0258] ^(C. mm^tircDNAm)i^pT7Blue^i^^—t'7^^—h^-^tCo irfii^ibs DNA 
if>lt^?^10 M UC, pTTBlue^^^— ^0.5 m g. Takara Ligation kit-I^?g (^^git 

#e>tT.fc:7'7^^K^. n-:::!/^— (R-20meri:. U-19mer)^ffiV^-C. 

^IB^Jfiif^f (^biS)li/:^-r Ai^^cnv><.th) Utt::^. :L(Dmm^='—Y^ir^M.B 

BamHIT*^^(^l'^'fb$-fr. #^>tl.fcDNA»f>i-^?S^. v^-i^^y-i^CBiolOltm) 

(31. Takara Ligation kit-I^?^(S?@5t%fc)«rlO/i l*P;t. IG'C. iNf^Slt^^-^fCo 
v^— ^/i^y— ^(Biol01t^:M)^>^V^-C. rODNA^lfS^U -T^^^— ^PCR 

m(DmmDfiAmmtL-fc^ 

[0259] ^JC{^. PJ^;{mc/^ofcStf^j^l/30:^SSa^J<Sr7nl;i. J!2J^T<^3aiS(D:/7^-^— -Sr 

gH^J#-^33 : SIDH 1-INV-F gctcgtcaacgatcctgaaattgat 
iB^J#-^34 : SIDHl-INV-B ttcgctgcagcttcatcggaaatat 
BB^J#-^35 : SIDH1-INVF3 cccttcaatttccgggcgggt 

^i^x^— ;;<.PCRS^£:«^|gittt<^Ex taq^Jt-mW^^mi^. m^(*Takara ExTaq 
Buffer X 10{^^^ 5nU dNTP mixture 4 /x U ^MDNA 30ng. 10 M :7'7'f ^ 
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m ^l/iKSIDHl-INV-F^SIDHl-INV-BtDm-^-^^ SIDHl-INV-Fi!SIDHl-INV3 
(Dm-a-'t) > Takara ExTaq 0.5 n 1^50 ;z 1(21/^50:5 t^TK^iPX.. 30 n l<D^^y/^:t^ 
/\^^mmU mmVtCo J^Jt^^Wtt. PCRJtilig^mCASTEC^l: PC-700)?rfflV>. ^ 
^^94'C30#. T=--y Vi^^SOn^^. #«^72*C25>x <D3^Pg(DKfS$r35lHl^ 
jgbfrofco JilBOPCRK/^^idioT. a^^ibm. ^^2.7kbp^. ^1.8kbp<D;k:#^ 
<?5DNA»f>lt;65Jj|#Bbfc:o ::(7)|^j2.7kbp^. j^l.8kbp<^/^>'KS:y/V/ii^^^«9yc:U. i^— 
^^y_>/(BiolOlttM)^fflV>rPCR®fJt^i^SlU. DNA»f>lt^?^10 /i # 
ibtufcDNAiff>T-2fll^?r. PCR-e^fflL/c:/7'1'•^-^^fflV^T. :^Sia^J^^lf (^t^ 

[0260] AB10281t*<^SWi-6SIDHl^te^<^RBSi^-r^?r^tfi^^3— n^^^, ;6>o, 

, PCRSJ^^^fTofCo 
Sa^J#-^36 : 281SIDH1-F gctggatcccgcccttattgtgaata 
Ba5?IJ#-^37 : 281SIDH1-R tatgaattcgttatgccttctcatgctgtcg 
PCRKj^?{iS?@it^t(DEx taqSJSffl?S^^fflLx m^f^Takara ExTaq Buffer X 
lOi^m 5nU dNTP mixture 4^* K ^^DNA 30ng. 10 a* M ^^7^-^— ^lul 
. Takara ExTaq 0.5 n 1^50 m V,C^J:^Xoi^7i<^^^\i^. 30 ^ 1<D^^7/V':^^/1^^MU 
. mmVtCo RJt^^m^. PCRiitiigg(ASTEC%h PC-700)^fflV>. ^^'Sr94'C30 

Tn-!;V:^^^55n5>> #*^72n5>. 03^Pg<D^J^:^35[ll^MUtTofCo 
±IE<DPCRS^£:{;iJ;o-r. ^1.2 kbp(D;*C#$(??DNAif>H':651i*SU/Co 

j^l.2kbp(?5;»C#$<^)DNA»f>i-f*. i^— ^'i^U— V (Biol01|fc3^) ^fflV ^T)^li$^^. 
DNAp^jt^l2/il^#^ i(^DNA»f>lt^^m-<i5^^-{-*a;^^5itPaif^f*^ DNA 

m)immiOfx\K^ ^mffl:^^^5Ktro.5 g(pucii9) . ^mm±(Dm^mm( 

BamHU EcoRl) ^#1 m U S^SitttO^JRg^mfflMW^^K buffer X lOmm 2 1^ 
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mMm9(DmmnmKx^nhfiitABio28m^M(DsiDHu sidh2. sidhs^. m 

BGl4057it^^=-jgi^. ^^^/^^^hi;;:^ pv. ^^>^^:^hV:^(D 

Xcc3438a^d^jgi^. ?febt;^{Cs AB1012m<Z>Atu43753te^^#J^. Atu3234a>g 

^m!!^<Dmmt\^x(Dmi±M^&^Ti^^'r:^W:x^mu ^(D^^^mi5i,^mm\^ 

[0262] *fc. ^6}*T^/^BB^J<^+Sl^tt^*Uyb^-Cfe«9x ^Ttil^aLfcT^/^fcft 

#tCN7^iffi(DM¥^30%C)NAD*fc(*NADPj^'a-K7«^^f*^ ^ Illtt^^l^V ^^^^S^^J 
ofc„$bt;iNAD*fcf*NADPO^'fb3M7nf^ffllH5^-efeS::^3^^T5:KO^'g-t^i@ 

[0263] :9'^^*<^)Jtlfeti. AB10281t5^S5l5(Z)^lc^^^^{i, ^^mr^—:b— (^^l^J^x-Y 
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SIDH2. SlDHSCD^^Mi^. ^fh^MQW^^^Vl^. A2W7VYly. 40ky/Vh^^-e$> 

V^):^ pv. dr^>'^;?^MJ:^(DXcc34385te^. J^CbT^lil. AB10121t5|c(OAtu4375it 
^^.Nixx^2^Am^^^^<D:i?i^mmm<O^^m\i^fl^fyA0. Ik^/Wh^'. 38. 
5ky/Vh^. 41. 42. 5k^VH>^T'$?ofCo >^^B^^^-e$>^^ 

[0264] ;$:?SPJI#^<^)^'^#'I4«:. y/V'5>ai;?;9A (^y-*t : 2000SW^) -C'^®bfciii:$)- 

ay^— 80k-110ki5^/Vh:^<D:»-^=-»^^L. 7|c^tii|^^-ef:i2*fc{*3»#: 

[0265] :^^0J^^<DM^^(^31iRi4^i. SJ^^^^ (200mMhyx!^M«^SpH8.0. 2%NADPH 
^ytf^NADH. l%iXn-^yy— P<.)5iul^. S^^?^5 ju l^m-^-U 36^. ZQvianm^-'^ 
. fcfi-hK. mOn\o:>:^^1m^X. 340nmO^^SSrSiI^b. ^^?^<©ft*3«5lc:7K^ 
fflVNfcKi^^^O^^ViJ'fla^^^s 340nm«Z)^3feS<^^^*tra!l^bfCo j^J^M^Sfett 

T^fcKny-^—- NADPH. ^M)H(Omf\.hWmMtLXW.m'^^^i!iK ^5(C^ 
[0266] ;2|s:^K^^(DMigpHfi. SJ^;^?^ (200inMy^^i^ffif?^pH5.0— 9.0. 2% NADPH, 
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l%v'n-^yy-^)5i(il^. mmmSfJil^m'^U ae'C. SOminKJ^:^. fzfchiZ.^ 500 

[0267] ^mmmm(Dm^^m^. mmm^wf^fDumx-iommm^mi^fc^. ^mi^. 

:i.<DmmmtRJt-m(.200mM]):ym^m^pH5.0—9.0. 2% NADPH. l%i^vi-^/y— 
:P^)5nl^m-^\^. Se'C. SOminS^S:^. /cfc*>(z:. 500Ail<D7K?rAPX.T. 340nm<D^ 

^(Di^/>»^?l'JSU/c„ i£i^S/5^fciX{^. ^mi^}*^f?^fT^cCofCo 20T:. lOmin^S 
|2<^^14^100%^L-C^^^Stt^it|SeLfCo ^OJ^m. ;*:^0>^^^-e*>§#«i/n 

D.^^lcj;(9^0^^i4f*40-60'C*-eM^jiS^i:d5i|£ijofco 
[0268] RJt-m (200mMhy;^M«|gpH8.0. 2% NADPH. 1% 

^?^f*#3^^ff?feofCo CaCl . CoCl . ZnSO . MgSO . SnCl . 

2 2 4 4 z 

Nici . Mnso ^m.m\^. mmmm<Dfs\^^ioo%tvxmMf^i&%:itmjto ^(o^ 

2 4 

[0269] ;^:|g?g^^<^v^n->l'yy— ;^(CMi-SKmili[f*. ^^S*K(200mMhy;^M»^^pH8.0 
, 2% NADPH, 0.001— 2.5%i/n—l'/y—;5^) 5 n \k. WMW.^ n l^m^V. 36'C30min 
RJt-^. fctd-hlZ.^ 500m l07K^;t}Px.-C. 340nm<7)®^S;SrS!j^U ^^IS<^f^t?«9 
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irXoi^. 2.6— 12.6mM<D^IS^^UfCo 

[0270] :^mmmm(Dmniii^mi^i^^ mit^^^mmi^i^^-^y^^v—^^^^^'^^^f^^ 

(SI). ^^^--^/iXh— /W(MI). D-:arn— ryi/b— /VCDCI). L-=arn— r/i^h— 
LCI) . 3^tW/i/h^/^(El) . i:.=«-'f /i/h— /W(Mul) . Tn— fy'>h>-/KAI) . 
^^_^ycy|>-yKNI)-efeSo ^5lC{i+a^?S14dS70%i^Jl±OE. 70%*i§20% 

(DmA%) . 200mMhy^i^«?KpH8.0. 0.002%NADP\ 0.002%>^T^7— if . 0.01% 
:=i|.C27^h7>^y!i7A^/W— )50/il^. ^^^^SO/xl^^-^U 25t:. 3minl5{-. 545nm 

[0272] [^5] 
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I 



5 



H5 



i 



3 



3 



m 



[0273] me-il 
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E. CO I i . ydg J (iB^J#^ 2 ) HSDN I RV6L I QYGYASKTFHAPL I AGTPGQELAV I S- 



-SSDETKV 



X. cainp. Xoc3438 
B. sub.BG14057 
A. tume.Atu4375 
AB10121Atu4375 
A. tume. Atu3234 
AB10121Atu3234 
AB10281SIDH1 



-MPKPFNLAWGYGYVGRTFHAPLI ASTPGLQLHSW — SSKPOQP (K^J#^1 4) 



-y I TLLKGRRKVDT IKV6IL6Y6LS6SVFHGPLL DVLDEYOISKIM — TSRTEEV (E^J## 8 ) 

-MSSATKKFDSRRIRLGMVGGGOGAFIGAVHRI ^AARLDDRYELVAGALSSDPARA (e^JS^4) 

— MSSAPKKFDSRRIRL6MV6GGQGAFIQAVHRI AARLDDRYELVAGALSSDPARA (E^JS^l 0) 

MA I EGKTTDVANKR I RL6MVGGGSGAF 1 6GVHRM ^AARLDNRFDLVAGALSSTPEKS (Sa^J## 6 ) 

MAI EGKTTDKANKR I RL6MVGGGSGAFI GGVHrail AARLDNRFDLVAGALSSTPEKS (^^J#^ 1 2 ) 

MTKRKLRIGLIGSQ — FIIGRTHAFGYSTASRVFDLPFQPELTCLADISDE (E^J»#2 8) 



E. col i. ydg J 
X. camp. Xcc3438 
B. sub. BQ1 4057 
A. tume, Atu4375 
AB10121Atu4375 
A. tume. Atu3234 
AB10121Atij3234 
AB10281SIDH1 



KADWPTVTWSE- 
QADFREVRVLPD- 



-PKHLFNDPNI DL I VI PTPNDTHFPLAKAALEAGKHVW 
-LEAALADPALDAWIATPNOTHAPMALOALAAGKHVLV 
-LEE I TNDPA I EL V I VTTPSGLHYEHTMACI OAGKHWM 



KRDFPDAEWHE 

AASATLLQ I APERSYASFEDMAATEAGREDG I EAVA I VTPNHLHFAPSKAFLEAG I HV 1 0 
AASATLLG I APERSYASFEEMAAAEAGRDDG I EAVA I VTPNHLHFAPSKAFLEAG I HV I C 
LASGRELGLDSERCYGSFEEMAEKEALREDG I EAVA I VTPNHVHYPAAKAFLERG 1 HV I C 
LASGRELGLDPERCY6SFEEHAEKEALREDGIEAVAIVTPNHVHYPAM 
AAAKAADALGFARSTSDWRTLV NDPE I DWN I TAPNAFHKEMALAA I AAGKHVYO 



E. CO I i . ydg J I^FTVTLSQARELDALAKSLGRVLSVFHSWWDSDFLTLKGLLAEGVLQEVAYFESHFD 

X. camp. Xcc3438 [^FALDAAQARTWDAAAEAGK I VSVFC^VnVDADFLTVRRL I EDGQLGEWEFHSHFD 

B. sub. BG14057 EgMTATAEEGETUCRAADEKGVLLSVYt^RRWDNDFLTIKKLI^ 

A. tume. Atu4375 OgVTATLEEAKALAG I VRASDSLFVLTlfYTGYAMLRQMREM I AEGA I C»(LRHVQAEYA 

AB101 21 Atu4375 D^TATLEEAKALAE I VRASDSLFVLTf^GYAMLRQIKOMVADGAI CSCLRHVOAEYA 

A. tume. Atu3234 I^LTSNLEDAKKLKDVADKADALFILTH|YTGYPMVRHARELVEAGA^ 

AB10121 Atu3234 OflLTSNLEDAKKLI^VADKADALFI LTH||YTGYPMVRHARELVE^ 

AB10281SIDH1 ^pUlAAOAREIIAEAAEAKGVKTQVGF|YLCNPMULARDMIM 



E. col i. ydgJ 
X. camp. XCC3438 
B. sub. BG14057 
A. tume, Atu4375 
AB10121Atu4375 
A. tune. Atu3234 
AB10121Atu3234 
AB10281SIDH1 



RFRP OVRDRWREQGGP— 6SGIiniLAf|LLD0AITLFG-LPVSII — TVDL 

RYRP OVRDRPIRESDIP— QAGL«inrj|L6PjLLD(MLQLFGH«^ — ^SADL 



RYRP- 



-EVQARWREKEGT— ATGTLYi.GS|l I BOTLHLFGHyiPKAV — TANV 



QDWLTEAVEKTGAKGAEWRTDPSRS6AG6A I ^ I GTlAFNAAAFVTGE I PSSL — ^YADL 
QDWLTEAVEKTGAKGAEWRTDPSRSGAGGAI Ggl GT|AFNAAAR^^ — YAOL 
QimLTEAVEOTGAKCMVWRIWAOSGVGGSTGilGTgAYNLG^^ — AADV 
QDHVLAEP I EQTGAKQAVHRTDPAQSGAGGST^ I GTpYNLGCF I SGLEVDEL — ^AAD V 

EDYMADA SSPFTFRLDPA — GGGALAglGSiALATAEFLMGPAAGAITQVMGDC 

: : : . : ♦ . : . : : 



[^6-2] 
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E. coli.ydgJ 
X. camp. Xcc3438 
B. sub. B614057 
A, tume. Atu4375 
AB10121Atu4375 
A. tume. Atu3234 
AB10121Atu3234 
AB10281SIDH1 



E. col i. ydgJ 
X. camp. Xcc3438 
B. sub. BG14057 
A. tume.Atu4375 
AB10121Atu4375 
A. tume. Atu3234 
AB10121Atu3234 
AB10281StDH1 



E. col i.ydgJ 
X. camp. Xcc3438 
B. sub. BG14057 
A. tume. Atu4375 
AB10121Atu4375 
A. tume. Atu3234 
AB10121Atu3234 
AB10281SIDH1 



E. coll.ydgJ 

A. cainp. Xcc3438 

B. sub. BG14057 
A. tume. Atu4375 
AB10121Atu4375 
A.tuiae.Atu3234 
AB10121Atu3234 
AB10281SIDH1 



AQLRPQA QSTDYFHA I LSYPQR RV I LHGTIILAAAESARY I VH 

ORORTQA RSDDYFNWLRYPRL RVI LHAGSLVADGSLRFAVH 

HAQRENA ETVDYFHLTLDYCiKL OA I LY6GS I VPANGPRYQ I H 

TSFVPGR OLDDSAN I LLRYDSG AKGHLWASOI AV6NENALSLRVY 

TSFVPGR QIDDSAN I LLRYESG AKGMLIIIIASQI AVffllENALSLRVY 

HTFVEW RLDDNAHViniRFKmGGKOPARGIiLWCSOVAVGHENGUI^^ 

HTFVEC» RLDONAHVMLRFKPKGGKOPAKGLLWCSOVAVGHENGLKVRVY 



VTVIKTRPDGKGGTRAVEVDDIGRALLRFEtMi ATGSVEGNWIATGRTMQHDFEVY 



GSRGSYVKY6LDP0EERL— KNffiRLP OEMfGYDMRD— GVLTRVEGEERVEETL 

GTRGSYLKHQADTQEDOL-RAOWPa TAGWGIDPLP— 6TLTRVDDEGRVHTH0 

GKDSSFIKY8IDGQEDAL— RAGRKPE DDSWGAOVPEFYGKLniRGSDKKTETI 

GDKGGLEIWHRVPDELNF— tPYC£PmLI TRNGAGAGAAAIffiVSRVPSG>fl>E6Y^ 
QEKG6LEWHHRVPDELWF— TPY6EPKRL I TRNQAGA6AAANRVSRVPSGHPEQYLEGFA 
GDKAGLEWTOADPNYLHF— TKLGEPKQL I TR6GA6AGAAAARVTR I PSGHPEGYLEAFA 
GDKAG I EWTOADPNYLWF— TKLGELKOL I TR6GAGAGAAAARVTR I PSGHPEGYLEAFA 
GTKGALAFTQQRFNELHFFSSTDARGRKGFRR I EAGPEHAPYGLFCVAPGHOLGFTD — 
*. . . ... . : . . . 

LT-VP6NYPAYYAA I RDALN6DGENPV-PAS0A I OVMEL I ELG I ESAKHRATLCLA 

PDGVPGDYRHCYAAFRDAMA6TAPPPV-SAA0AVRLMELLELAQRGAALGQVLWLEGNSS 
PS-VNGSYLTYYRK I AES I REGAALPV-TAEEG I NV I R 1 1 EAAMESSKEKRT I MLEH — 
T I -YREAADA 1 1 AKREGETAAGEV I YP-GIEDGLAGLAF I DAAVRSS0-TSTWV6 1 D I— 
TI-YREAADAI lAKREGKAAAGEVIYP-GMEOGUGLAFIDAAVRSSO-TSTHIIINIDI— 

T l-YTEAAIMI EARRTGSALDKAVI YP-TVDDGVKGVAFVTAC IESGN(NGGIim 

T I -YTEAAHA I EARRTGSVLDKAV I YP-TVDDGVKGVAFVTAC I ESGKKNQVWVKL 

LKAIEVARYLEAUGHHPEPFNFRAGLRIOTLVETIHASS-KSAAWRDVPTDK 



LOAKSRQHEKA 



mmm is 

[0274] < :^mmmm^m^ ^tz.->ti-4y->h—^i^(DmiB: > 
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BG 10669 jt^^mi|fej-efe6$:^--'Yy v'h— >'^2-7^tKny €<75y 3 -:^>'h^ 

[0275] i^fetC, /^^/V;^ X>^^y^l68*5N ATCC23857S ^(7)BGlO669itiS^=^0i^-e*> 
li^^tf^iofCo /^^/V;?^ X:/^y;^168t5feS5l5(DBG10669afed^(Di^n— 

: BG10669-F 5'- ttgggatccgatgagtttacgtattggcgtaattg -3' 
@a^J#^26:BG10669-R 5'- aaactgcagttagttttgaactgttgtaaaagattgata -3' 
[0276] PCRSJ^?{iS^Sit*t<DEx taq^Strnm^^m m^fiTakara ExTaq Buffer X 
l(mm 5 At U dNTP mixture 4 m U ^MDNA 30ng. lOfiM Zty^-^^-W^ #1^1 
, Takara ExTaq 0.5 n lSr50 m \\Z.fi:-hXo\^i!^^M^. 30 m l<Z)5^9/l':^-f/^%fieU 
. MbfCo Si^;:^#f*^ PCRiii|iSii^(ASTECtt PC-700)^fflV^. ^^^^94^30 

TZ:-y ^i/^53t:i^. #;g:^72'Cl5)-. <Z)3^m<7)S;jS^35lHlj^jgLtTofCo 
±fB<^PCRR^St3:J:oT. j^l.O kbp<?D:^t^<^DNAif>lt3iSiii|iBb:/t, fi® 

Ufc^^7/v:^-r/^S^o.3ml<?5^=3(^1^:^-e^*l±lL>---^1^:/S^I^*i-Sg^^ 

50iuld^bi^— ^-iJ^y— >-(Biol01^i:)<SrffiV^-CPCRif>ft^3»®il-fc:o ^f£ky%. ^vV 

^(DNai^^^^300/zi;!jpxLrjgi'^U i0iLzi:!5f7;=<itr— x^?SSr:(ra;tTM-^U 4*0 

. X^iimm^frm^. ^>L-^m^. DNAPSf>H-0@i#bfc;^7;^t'-X^«tfS$>^. _h 
^Srl^*LfCo $^{-> dr5/b^#(DNew wash^?S500/i 1^>!JPX.-C. X^^ 
^S^-fr. ^^'O^IIIU. ±«Sr^5feUfCo ;i<^New wash^^^tC<t'5i5fe#^f^(*3|Hli^«9 
iSLfCo ISfctJi. ;?f7;^lf-Xtri^ffiT-Cl£^t$-*. 15 m l<^t^ll7K<Sr;«)Px.T. 

mm^. 55*0-^?. I5:5^^jpmb:rc^, DNA»f>H-^-^t?±mi2itz l;Sr# 
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[0277] iWj^$ixfcDNA^jtiSr^m-<i5^i?-(-m^j^tpgfef^i*ieAT(^^ (iff ofco •rf^t> 

m^(DmmmmB3mHu Psti;sr#i a* u ^mi^^<DpmmmmmmmK huwerx lo 

ttm^'^s -b^Srl^^byt. ^hl^. ^5/h^#<DNew wash^l^SOO ai li^;&Px.T. ;^f7 
;j?>if — X-SrJiiS^-fr, )tiL>:»-g|U. _b«Srl^*Lrco -ONew wash^lJ:J;5?5fc?f 1* 

7K^*PX.-C. ^^b. 55rT% 155>;?)Pmbfc#. ^'L^^il^^TV\ DNAm^itmm.^ 

o 

[0278] r(Oj;5(:ibT|^Mbfc^^^lOAiUCTakara Ligation kit-I^IS (S?@it^±) ^10 /i 

in{2:500julSOC^?^(2%/^i^h-hy^hV. 0.5%^#::nde>?., lOmM NaCU 20mM 
^/Vn— lOmM MgSO . lOmM MgCl ) Sr*PX.T. 36'C-eiNFF^lHi^^*$-1i:> ^ 

4 2 

Oit^^^lOO M l^x 50 II g/mYr'y}^'i^])>. 40 m g/ml X-gal ( 

5-Bromo-4-Chloro-3^Indolyl-i3-D-Galactoside). ImM IPTG(^:^;^7^M^7y^/ 
K)^ti>LB*^i§ffi(l%^^i^M-y:7'b>'. 0.5%^#:3^=3r;^. l%NaCU pH7.0. 1.5 

^m^fco :=.^\.x^m\^ftmm^^:kmm='^=^—^T>^->vi^(50n g/na)^ 
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2/h(QIA filter Plasmid Midi Kit. QIAGEN^h) lc:<t<97"7;^^KDNA<Z):9'gl*5j;TJ?W 

[0279] m^. ^:^-^y^yh—/i^2-y'\^h^u^^'r-'\fmi±^mm'r^fcisb^ ^lu^^tLxm 

^ibfcm**^50 Ai g/mlT>'tVy>'^'^tf lOOml LBit«fe(l%x'^i5^hhy7'h:/. 0.5% 
mm:^^:^. l%NaCK T>H7.0)307^izmM.U 36X:7mmm^\^> Cl<^i#^?^100ml 

rm) (400ml) {jiryy-ru. 20mMhy;^i^w?g pHT.o-c^m^-^. m.^^n^i:<>fc 

o :i<Daif^{;iJ:«9. BGl0669^t^^^m<^-efcSom#ml^^l05^ll^#yS:o 
[0280] $:a---ryiXh— /V2-y^tKny^— -g^5§5£?5ti{*ii>lT(^J;9(v:aySL-fCo SJ^??^( 
200mM M;>^i^®ISpH8.0. 2% NADH. l%i/n-^yy— 5 /z It. mB^5 n l^Wi 
-g-b. ae'C-eaOminSJ^^^fc^-^l-s 500;tl<^7K^;!lP^-C. 34OnmO0^3fe^^a!l 

i/n-^/iXh— /H%, 200mMhy;5^i^«?^pH8.0, 0.002% NAD\ 0.002%i;^T:^^7— >^ 

fSr^b. -^i^-'f yi^h— /wlJ:?£i4'lr^$5fev ^:z.t^mmvnio 
[0281] r(^J;5^-U-ClS]g^$;^^:^5:^-^/V^'-/^2-7^tK^y-:^— ^^m^^gi:. ^Jg^J 
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— ;^70mK CoCl 130mg, MgSO -TH O 250mg^> ;?K^*PX.T750mUJ:b. SO'C^'C^in 

2 4 2 

Rit^'^t^o RJt^miWy!)^'^^ iZ.mm^ti:^fc^^. in NaOH-epHS.Ol^Jfe^i^t- 

;&s#^tb5o ^(Dmm^^f^^m^^^x. ^mu i^^i4v'n->r/ixh-/Kmm*73g 

^■C. ^M*-e?^*Pb. #^>;n.fc^?SSr^^L^5>il (8,000 rpm 20^r^)U-C. W^M^ 

los'C-eshr^ji^^-iir/co #^>nfciyD— ryvh— /vf* &^(Dl§^H(6ig)-e. nmr^ 

[0283] <i^V2-^/i>^h—/^^'^^mm^i^<Dm^. :ioXXJPM^^W<Dimi> 
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[0284] :i(Dmmi^. mWl^^a^h. NaBH 5. 9e^m^-^^^ i^Lld^^^i^XMx.. MtcR 

4 

-e?^*P$tvfc^/t;:T^l^> 67.5g^NaCl 72.2g^mm^'^. ^^i^^f^M^^ 

[0285] ^fetJl. 8^JgNaOH;!K^?^Srffl V ^T. pH6.0Kmm.fzM'^i^^^^^^2OOml 

8.0. 9.0. 9.5. 10.0. 10.5. 11.0. 12.0iSXm2.8iCf£^X^KmW^fcM^i^^^^ 

m. mi^. loomim^ntco 

[0286] r<oi5(-pHPlE$tvfc^?^(* . #>!r izitWt^mmvi^ibfco 1 B *5t(cefcjS^^^ 

[0287] z.<D^'?\z^^xmhntcMm^. m\z.i^}i}b^h&.-r(Dm^^^tL. 

[0288] [^7] 





VP — r/vh— ^UTTvOM^fl 




1SS 




3Bg 


ABB 


5He 


6Bg 


7Ha 


6 


9.4% 


17.9% 


25.5% 


32.4% 


38.6% 


44.2% 


49.2% 


7 


21.7% 


38.4% 


51.2% 


61.1% 


68.7% 


74.6% 


79.1% 


8 


42.4% 


65.7% 


78.6% 


85.6% 


89.5% 




liS2:83a 


9 


66.9% 


86.3% 


a9»p 










9.5 


82.9% 














10 


57.5% 


79.9% 


88.6% 


iiii2|i3S 








10.5 


41.5% 


64.7% 


77.7% 


85.0% 


89.0% 






11 


36.8% 


59.2% 


72.8% 


81.2% 


86.3% 


89.4% 


mmmsm 


12 


29.2% 


49.4% 


63.3% 


72.9% 


79.5% 


84.1% 


87.2% 


12.8 


25.4% 


44.0% 


57.6% 


67.5% 


74.7% 


80.0% 


83.8% 
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[0289] miiC^^tl^Xoi^. itimpU9.5<D^m^7!l^Mh->'^-^y^^h—^^'^'>^^^W- 

ttmMm^MLx\^^^:Lt7im^o *fc. phq.o. phq.s. pHio.o(Df^i^E:}*4e 

[0290] pH9.5<D^^K(D7 P g (T^^S^^cDNMR^^^ff^^fjx 5.9% (w/v) <D5::f 

—<yi^h—/^t. J^0.2%(w/v) (D^/a-^yixh— /^;iS3^@bTV^^^^;6S^|^lJPJb/Co 

[0291] <i^u-^/y—:^m7cmi^^ii^hi^^-^yi^v—/^-^^nm^i^^^^^-^. is-^ 

> 

5g&5l50iXi3-^yy— P?.10g(56mmol) ^50ml(Df^7K(-^^b> 
7KSr*P;tT90mUJ:7&SJ:5(-bfCo ro^|g^S^5^5tNaOH:?K^^^^fflV^•r. pH7. 

[0292] *#L;^ce;6S^>, NaBH 0.59g^^^-t?#>£r (^15:9'd^ltT:&P;l. ^TcS 

4 

-e?^*p$tvfcsj;s:?s(-> 6.75g^Naci 7.22s^mm^'^. m^^i^^^m^^ 
psiLfco ^{-^ :i(Dm^i^^^mm^5m^T^aou7i^mm^m\^^x. ph9.5{;ip 

pH;^i5^>yh^M^^«9o(t. 5^^NaOH7K^?^^ffiV^T. pH 
(D7K-C^5fc^^U^ 5.71g(20.5nunol)<D->i3-^yi/h— /V'Tj^l^^^-a-fli^^^^c 

o 

[0293] #e>tl.fcixci--ryi/h— /^•7iN!>^1S-^#:5.71g{C1.05^^(Dm^^?^^230nit&P 

M(Dm^m&.X$><>fCo ;?;7AtJ:|§i?)^3S^tt^:^:/^^Jig(DuoUteC20. 
H>^^. '^^>ft:^)200mi{c^jiPlgeSri:9-rai-2mi<Djfi53i-eiljg$-^^ m^otiitM 

^)400TnHZLmM^'^fCo nhfhtzmmm%:mm\^. e^)fe07K3.52g(19.5inmol)^# 
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> 

mM\^tl5Jl& (20.5mmol) (D->u-^yiyV—/l^--^'>MW.^i^^B.nt\.fCo 
[0295] i^n-y(/->h—/^'-^^mM'^W5Jlg^l00nAm<OmH^^nyy:^^i^W^'T'ki 

mi^^(i^M<D?i^y—/l^X-m^\^. It^t^-fr. *aVn-^/>-h— /U3.58g(20.0mniol) 

[0296] #^tT.^ai^n— r/i^h— /1^3.58g<Sr230mlcD7Kl-^^U ^St^-f^^-V^ 
^i^^i (DuoliteC20 • H^^-^Zf) 20niK (DuoliteAl 16 • OH" 

i5'^:/)40ml^*P;t-C^#^Lfc„ «#30^#(;i. -r:^>'3^JWJ3i^5SiJb. mhflfz. 
^WkWm^. Sfe«&7|c3.41g(18.9mmol)^#:^Co rO&^H&T^f*. NMR{;iJ;S^ 

19 

[0297] <>'n--ry-^Sr3S5cbrc^. lilg!. Vci->ryi/h— /v-Sr^tHlx ^^^it^^^:^W:> 
^^gS^5^^NaOH7K^^^^fflv^-c. pH7. Slii-a-^j-^. 7K^:i)Px.-C45mUc/^5j;5 

[0298] :z.(Dm^K. mW\^ti:ii^h. NaBH 0.29g^«&7^-e#>«r {^HS^^^O^ffC^PX.. M5tl^ 
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